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Abstract 
Evaluation of the effects of branched chain amino acids and corn-distillers dried grains by-
products on the growth performance, carcass and meat quality characteristics of pigs. 
Studies were conducted to evaluate the effects of corn byproducts high-protein died 
distillers grain (HP-DDG), and dried distillers grain with solubles (DDGS), and branched chain 
amino acids (BCAA) on the growth performance and meat quality of pigs. The first study 
evaluated the combined effect of dietary level of DDGS and HP-DDG on the growth 
performance of wean-finish pigs and carcass and pork quality characteristics. This study 
demonstrated that DDGS can be included at up to 30% in diets (without HP-DDG) without 
compromising growth performance of wean-to-finish pigs.   However, growth performance was 
increasingly compromised at higher inclusion levels of both co-products and belly firmness was 
negatively affected by increasing levels of both DDGS and HP-DDG.  A second experiment was 
designed to define the minimum CP level and whether non-essential amino acids become 
limiting in low crude protein diets for late finishing pigs.  The results of this study demonstrated 
that late finishing pigs can be fed diets with 9.76% crude protein level supplemented with 0.32 % 
L-Lys HCL and other essential amino acids without affecting growth rate and that non-essential 
amino acids were not limiting in the low crude protein diets evaluated. A third study was 
designed to recreate the negative effects on growth performance of feeding diets with 30% HP-
DDG inclusion level and to test if the negative effect of feeding high HP-DDG levels on growth 
performance can be reproduced by adding excess branched chain amino acids (leucine, 
isoleucine, and valine) to standard corn-soybean meal based diet. The results show that the 
reduction in the growth rates of growing pigs fed diets with 30% HP-DDG inclusion levels may 
be due to the dietary excesses of leucine present in diets with HP-DDG at 30% inclusion levels. 
The same effect was not present in finishing pigs. In general, growth performance and belly 
quality are compromised at higher inclusion levels of both HP-DDG and DDGS. The results of 
the last studies indicate that leucine level may play an important role on the reduction of the 
growth performance of pigs fed 30% HP-DDG inclusion levels. 
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CHAPTER I: Literature review 
Introduction 
The recent demand for corn as a substrate for ethanol production has resulted in inflated 
corn prices, feed costs, and low income for swine producers (Cromwell et al., 2009).  The 
resulting co-product of these industries (Dried Distillers Grains with Solubles [DDGS]) has 
become widely used in swine diets.  However, practical inclusion rates are restricted to relatively 
low levels because of potential problems with reduced growth performance, lower carcass yield 
and soft fat in the carcass (Whitney et al., 2004 and 2006a,b; Widmer et al., 2008; Cromwell et 
al., 2009).  Advancements in corn milling and fractionation processes have resulted in an 
increasingly wider range of corn co-products becoming available to the livestock industry, some 
of which could be included at higher levels in swine diets without, in theory, the negative effects 
described above. 
One such product is high-protein dried distillers grain (HP-DDG) (Poet Nutrition™, 
Sioux Falls, SD).  The process used to produce this product (BFRAC™) dehulls and degerms the 
corn before it enters the fermentation process.  The resulting fermentation co-product contains 
more protein (> 40%) but less fat, acid detergent fiber, neutral detergent fiber, and phosphorus 
than DDGS from “new-generation” ethanol plants (Table 1).  Although the fat concentration of 
HP-DDG is reduced, the digestible energy value is actually higher than for DDGS due to the 
removal of the fiber fraction (Widmer et al., 2007a). 
Although HP-DDG has been characterized for nutritional content (Widmer et al., 2007a), 
only a few studies have been carried out with growing-finishing pigs to investigate the impact of 
HP-DDG on growth, carcass and meat quality characteristics (Widmer et al., 2008; Puls et al., 
2009).  Recently, Puls et al. (2009) investigated the effect of dietary inclusion level of HP-DDG 
on pig growth performance, morbidity and mortality, and carcass and pork quality characteristics.  
The results of this study showed that there was no negative effect on animal performance or 
carcass and pork quality from including HP-DDG at up to 20% of the diet.  However, pigs fed 
diets with 30% HP-DDG had significantly reduced growth performance (12% lower) and 
considerably increased (90% higher) morbidity and mortality levels compared to pigs fed diets 
with 20% or less of HP-DDG.  Thus, based on the results of this study, there is uncertainty over 
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what is the maximum safe inclusion level for HP-DDG to maintain animal performance.  Also, 
there have been no published studies that have investigated the combined effects of DDGS and 
HP-DDG.  In fact, these two co-products can complement each other in diet formulations, with 
DDGS having the potential to replace energy sources (i.e. corn) in the diet and HP-DDG being a 
potential replacement for protein sources (i.e. soybean meal), and it is essential that their 
combined effects on animal performance and morbidity and mortality is established.  In addition, 
the mechanism(s) involved in causing the reductions in growth performance and increases in 
morbidity and mortality at higher HP-DDG inclusion levels are unclear; however, it is possible 
that the reduction in growth performance and increase in morbidity and mortality levels may be 
the result of dietary excesses and imbalances of the branched chain amino acids (BCAA).  The 
following literature review summarizes previous research investigating the effects on growth 
performance and meat quality characteristics of pigs fed DDGS and HP-DDG, and also discusses 
the potential relationship between excesses and imbalances of BCAA and growth performance 
on pigs. 
Effect of the dietary inclusion of DDGS and HP-DDG on the growth and meat quality 
characteristics of growing pigs. 
Several studies have investigated the impact of feeding DDGS and HP-DDG on growth, 
carcass, and meat quality characteristics of growing pigs, and these will be discussed in this 
section. 
Effects of dietary inclusion of DDGS on the growth performance of nursery pigs: 
The studies that have investigated the utilization of corn DDGS in nursery pig diets are 
summarized in Table 2.  A total of 8 experiments have been carried out in this area, and the 
average weaning age and live body weight on those studies was 21 d and 7 kg, respectively.  The 
minimum and maximum live body weight at the start of the feeding period was 5 and 11 kg, 
respectively; the minimum and maximum live body weights at the end of the feeding period was 
16 and 25 kg, respectively; and the minimum and maximum range of total body weight gain in 
which the experimental diet were fed was from 10 to 18 kg, respectively.  Inclusion rates for 
DDGS were up to 30%. 
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All 8 studies showed no effect of DDGS inclusion on ADG and ADFI.  Improvements in 
G:F of pigs fed 20% and 30% DDGS inclusion levels was reported in 2 experiments.  Barbosa et 
al. (2008) reported an increase in G:F of 3% in pigs fed 20% vs. 0% DDGS inclusion levels, and 
Spencer et al. (2007) reported an 8% increase in G:F for pigs fed diets with 30% compared to 0% 
DDGS. 
The impact of introducing DDGS into nursery diets at different times (i.e., into different 
dietary phases) has been investigated in two studies.  Spencer et al. (2007) introduced DDGS in 
different phases in a 4-phase nursery program.  Pigs started on the experimental diets at 21 d of 
age (6.4 kg BW) and dietary treatments were: 1) control (0% DDGS), 2) 7.5% DDGS in phase I 
and 15% in the other 3 phases, 3) 0% in phase I and 15% in the other 3 phases, and 4) 0% in 
phase I and II, and 15% DDGS in phase III and IV.  There was no difference in growth 
performance between treatments suggesting that inclusion levels of 7.5% in phase I and 15% in 
other dietary phases have no negative effect on nursery performance.  These findings, however, 
were not supported by the study of Burkey et al. (2008) that evaluated the growth performance of 
weanling pigs introduced to low levels (5%) of DDGS during phase II (d 8 to 21 of study) of the 
nursery period followed by high levels (30%) during phase III (d 22 to 42 of study).  Pigs fed 
30% DDGS during phase II and III had decreased ADG, ADFI, and BW compared with the 
control pigs fed 0% DDGS in all phases; however, pigs that were given 30% DDGS in phase III 
only (after day 22 of experiment) had similar BW and growth performance compared to control 
pigs.  The possible reasons for these conflicting results are difficult to explain, however it is 
possible that the different levels of DDGS used between studies contributed to these different 
responses.  Additionally, no other study has reported a reduction on the growth performance of 
nursery pigs fed DDGS up to 30%. 
In conclusion, the results of published studies suggest that up to 30% DDGS can be 
included in diets for nursery pigs without affecting growth performance. 
Effects of dietary inclusion of DDGS on the growth performance of growing-finishing pigs: 
The studies that have investigated the utilization of corn DDGS in growing-finishing pig 
diets are summarized in Table 3.  In the last decade, a total of 24 experiments have been carried 
out in this area.  There was considerable variation between these studies in the conditions during 
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the experimental feeding period.  For example, the minimum and maximum live body weight at 
the start of the feeding period was 14 and 88 kg, respectively; the minimum and maximum live 
body weights at the end of the feeding period was 40 and 125 kg, respectively; and the minimum 
and maximum range of total body weight gain in which the experimental diets were fed was 
from 16 to 98 kg, respectively.  Dietary DDGS inclusion levels used in the studies were up to 
45%.  A few studies have evaluated the growth response of pigs fed DDGS levels up to 60% 
(Puls et al., 2009; Leick et al., 2010), however, the results of these studies were presented as 
conference abstracts with limited detail on methodology and results and these will not be 
included in this review. 
A total of 11 studies have evaluated the growth response of pigs fed ≤ 20% DDGS 
inclusion levels (Galap et al., 2002, McEwen et al., 2006; Gaines et al., 2007a; Linnen et al., 
2007; Widmer et al., 2007b; Linneen et al., 2008; McEwen et al., 2008; Widmer et al., 2008; 
Yoon et al., 2010), and all of these found no effect of DDGS on average daily gain of growing-
finishing pigs. One of 11 experiments report a reduction in average daily feed intake (Gralap et 
al., 2002), and one of 11 experiments report a reduction in gain:feed (Gaines et al., 2007a). 
A total of 11 studies have evaluated the growth response of pigs fed DDGS inclusion 
levels up to 30%.  Seven of these 11 studies showed no effect of DDGS inclusion levels on ADG 
(Cook et al., 2005; Hastad et al., 2005; Gaines et al., 2007b; Augspurger et al., 2008; Linneen et 
al., 2008; and Xu et al., 2010a,b); 6 of the 11 studies found no effect on ADFI (Cook et al., 2005; 
Whitney et al., 2006b; Gaines et al., 2007b; Augspurger et al., 2008; Linneen et al., 2008; and 
Xu et al., 2010b), and 7 of the 11 studies found no effect on G:F (Fu et al., 2004; Cook et al., 
2005; Hastad et al., 2005; Augspurger et al., 2008; Linneen et al., 2008b; Spiehs et al., 2009; and 
Xu et al., 2010b).  In contrast, 4 of 11 studies showed an average of a 6.1% reduction in ADG 
(Fu et al., 2004; Shurson et al., 2004; Whitney et al., 2006b; and Spiehs et al., 2009), and 4 of 11 
studies showed an average of 4.2% reduction in ADFI (Fu et al., 2004; Shurson et al., 2004; 
Spiehs et al., 2009 and Xu et al., 2010a) of pigs fed 30% DDGS inclusion levels compared to 
pigs fed 0% DDGS.  One study (Hastad et al., 2005) reported a large reduction (80%) in ADFI of 
pigs fed 30% DDGS levels compared to the 0% DDGS treatment.  Three studies showed a 
reduction (average of 4.19%) on G:F of pigs fed 30% DDGS compared with pigs fed 0% DDGS 
5 
 
(Shurson et al., 2004; and Whitney et al., 2006), and 1 study (Xu et al., 2010a) actually showed 
an increase of 2.78% in G:F of pigs fed 30% DDGS. 
A total of 2 studies evaluated the growth response of pigs fed diets with DDGS inclusion 
levels of greater than 30%.  The study of White et al. (2009) evaluated the effect of feeding 40% 
DDGS levels and reported no effect on the growth performance of finishing pigs (fed from 88 to 
109 kg BW).  In contrast, the study of Cromwell et al. (2009) reported a reduction of 7.8% on the 
ADG of growing-finishing pigs (fed from 33 to 121 kg BW) fed 45% DDGS compared to pigs 
fed 0% DDGS. 
Based on the data presented in Table 3, it is not possible to clearly define an obvious 
reason for why growth performance was maintained in most of the experiments but not in all.  It 
is possible that these inconsistencies may be a result of the variation in the initial composition of 
the corn and/or the process used to produce DDGS such as the drying method, level of residual 
sugars (Rausch and Belyea, 2006), and/or digestibility of the amino acids present in DDGS 
(Fastinger and Mahan, 2006; Stein and Shurson, 2009).  An example of this is that modern 
ethanol plants generally produce DDGS with higher concentrations of fat, lysine, metabolizable 
energy (Spiehs et al., 2002), and improved nutrient digestibility (Whitney and Shurson, 2004; 
Stein and Shurson, 2009) than the values published in NRC (1998), which were based on DDGS 
produced in plants that were built before 1990.  This was confirmed by Whitney et al. (2004), 
who demonstrated that digestible lysine, threonine, and tryptophan concentrations in corn DDGS 
produced in modern plants were higher than those reported in NRC (1998).  Furthermore, 
differences in the formulation process (e.g., total amino acid content vs. standard ileal digestible 
amino acids), and the period of time in which DDGS diets are fed may also affect pig 
performance and the response to DDGS inclusion level (Whitney et al., 2006a,b; Stein and 
Shurson, 2009; Xu et al., 2010a,b).  In most of the studies in which poorer performance for pigs 
fed diets with DDGS were reported, the diets also contained higher levels of crude protein than 
the control diets; therefore, it may not be possible to determine if poorer performance is a result 
of the inclusion of DDGS in the diet or because of the excess of dietary crude protein, since extra 
crude protein requires more energy to break down and excrete the excess of amino acids (Noblet 
et al., 1987; Su et al., 2004), which may reduce ADFI and ADG in growing-finishing pigs (Goerl 
et al., 1995; Chen et al., 1999).  In addition, dietary fiber content in DDGS is 3 times higher than 
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in corn and soybean meal (NRC, 1998; Spiehs et al., 2002), and therefore, the inclusion of 
DDGS in pig diets may result in reduced performance due to a reduction in amino acid 
digestibility because of the higher dietary fiber content (Lenis et al., 1999; Urriola and Stein, 
2010). 
Another possible factor associated with the reduction in pig growth performance can be 
the presence of molds in corn that can lead to the production of micotoxins prior to harvest and 
during storage. The primary mycotoxins of concern in the Midwestern US are zeralenone and 
deoxynivalenol (also referred to as DON or vomitoxin).  Among food producing animals, swine 
are particularly susceptible to adverse reactions to feed containing deoxynivalenol which is an 
inhibitor of protein synthesis and causes feed refusals, nausea, vomiting, immune suppression, 
and loss of productivity (Yu et al., 2008).  In pigs, a reduction in growth performance has been 
reported in a number of studies that fed diets contaminated with DON (average levels of 2.8 
ppm) (Cote et al., 1985; Pollman et al., 1985; Bergsjio et al., 2003; Smith et al., 1997; Dersjant et 
al., 2003; Swamy et al., 2003; Chaytor et al., 2011).  Moreover, a reduction in feed intake has 
been reported in pigs fed diets contaminated with 1.7 ppm of DON (Bergsjio et al., 2003). 
In conclusion, results of published studies suggest that 20% DDGS can be included in 
diets for growing-finishing pigs without negatively affecting growth performance.  Further 
research is necessary to clearly understand the effects of feeding DDGS at 30% and higher 
inclusion levels has on the growth performance of growing-finishing pigs. 
Effects of dietary inclusion of DDGS on the carcass characteristics of pigs: 
A total of 12 experiments have reported the effect of dietary DDGS inclusion levels on 
carcass characteristics and these are summarized in Table 4.  In these studies, the average live 
weight at harvest was 120 kg with a minimum and maximum hot carcass weight of 107.0 and 
102.0 kg, respectively.  The dietary DDGS inclusion levels used in the studies were up to 60%, 
and the minimum and maximum period of time for which the experimental diets were fed was 78 
and 114 d, respectively. 
Of the 8 studies that evaluated hot carcass weight, 4 reported a reduction (Fu et al., 2004; 
Whitney et al., 2006b; Leick et al., 2010; and Xu et al., 2010a) and 4 reported no effect on this 
7 
 
variable.  Carcass yield of pigs fed DDGS was reported in 10 experiments.  For studies that fed 
dietary inclusion levels of ≤ 20% (3 studies), no effect of DDGS on carcass yield was observed 
(Widmer et al., 2007b; Linneen et al., 2008; Yoon et al., 2010).  However, for studies that used 
inclusion levels of 30% (6 studies), 3 studies reported an average of 1.9 percentage unit 
reduction in dressing percentage (Cook et al., 2005; Xu et al., 2010ab), and 3 reported no effect 
on carcass yield (Fu et al., 2004; Gaines et al., 2007a; Yoon et al., 2010 ).  Finally, in the study 
of Leick et al. (2010), DDGS levels of up to 60% were fed and, on average, a reduction in 
carcass yield of 1.4 percentage units were observed for pig fed either 45 and 60% DDGS 
compared with those fed 0, 15 and 30% DDGS. 
A summary of the response in carcass yield (expressed as percentage) plotted against the 
degree of DDGS inclusion level is presented in Figure 1.  The linear regression equation gave a 
good fit to the data points (R
2
 = 0.83) and the slope of the linear regression line indicated that 
every percentage unit increase in DDGS inclusion level was associated with a 0.028 percentage 
unit reduction in carcass yield. 
Based on the data presented in Table 3, it is not possible to define an obvious reason for 
why carcass yield was reduced in some of the studies that fed DDGS levels ≥ 30 %.  It has been 
suggested that fiber-rich ingredients such as DDGS may reduce carcass yield by increasing gut 
fill and intestinal mass (Kennelly and Aherne, 1980; Kass et al., 1980; Pond et al., 1988 and 
1989; Stein and Shurson, 2009).  In pigs fed DDGS diets, Fu et al. (2004) demonstrated that 
fecal mass increases linearly with increasing dietary DDGS inclusion levels; when compared to 
the control diet, fecal volume increased 5.7 and 13.2% in pigs fed 10 and 20% DDGS, 
respectively.  These results suggest that feeding DDGS may reduce carcass yield while 
increasing fecal mass and volume.  Other reports have suggested that high fiber diets may 
produce a reduction in carcass yield due to an increase of the rate of passage of the digesta which 
can induce intestinal growth and gut cell proliferation (Gill et al., 2000), and an increase in the 
weight of the digesta (Pluske et al., 2003; Fu et al., 2004).  Other reports also suggest that the 
decreased dressing percentage for pigs fed diets with DDGS can be attributed at least in part to 
an increase in visceral organ weights due to an excess of crude protein in diets containing DDGS 
(Noblet et al., 1987; Su et al., 2004). 
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Most of the studies showed no effect of DDGS inclusion levels up to 60% on last rib 
backfat thickness, longissimus muscle depth and fat-free lean weight.  One of 12 studies reported 
a reduction in 10
th
 rib backfat depth (Azain et al., 2009); 3 of 8 studies reported a reduction in 
longissimus muscle depth (Shurson et al., 2001; Witney et al., 2006b; Gaines et al., 2007a); and 
2 of 10 studies reported a reduction in fat-free lean weight (Gaines et al., 2007a; White et al., 
2009).  The reduced last rib backfat depth reported by Azain et al. (2009) and the reduced 
longissimus muscle depth reported by White et al. (2006) may be a result of the reduction on the 
growth performance of pigs fed DDGS observed in these studies.  Both studies were terminated 
at a fixed time end and, therefore, pigs fed 30 and 45% DDGS, respectively, were slaughtered at 
lighter BW than the pigs fed 0% DDGS, which may be the reason for the reduction in last rib 
backfat depth and longissimus muscle depth (Witney et al., 2006b, Azain et al., 2009). 
In conclusion, the results of published studies suggest that 20% DDGS can be included in 
diets for finishing pigs without negatively affecting carcass yield, backfat thickness, longissimus 
muscle depth, and fat free lean weight.  Further research is necessary to clearly understand the 
effects of feeding DDGS at 30% and higher inclusion levels on the carcass yield of harvest 
weight pigs. 
Effects of dietary inclusion of DDGS on the meat quality of pigs: 
A total of 6 studies have evaluated the effect of increasing dietary DDGS levels on the 
longissimus muscle quality characteristics of pigs and these are summarized in Table 5.  The 
general characteristics of the studies in terms of BW at slaughter, hot carcass weight, DDGS 
inclusion levels and time on feed were described in the previous section. 
A total of 5 studies have reported the effect of feeding DDGS levels of up to 40%.  Four 
of 5 studies report no effect of feeding DDGS on ultimate pH, drip loss, objective color scores 
(Minolta, L*, a* and b* scores), and subjective color, firmness and marbling scores.  Only 1 of 
the 5 studies (Xu et al., 2010b) reports a reduction of 11 % in subjective firmness score and 14 % 
in subjective marbling scores of pigs fed 30% DDGS inclusion levels compared to pigs fed 0% 
DDGS.  Cooking loss and total moisture loss were evaluated in 2 studies (Whitney et al., 2006b; 
Widmer et al., 2008), and no effects of DDGS levels up to 30% were reported. 
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Only 1 study has evaluated the longissimus muscle meat quality characteristics of pigs 
fed DDGS levels of up to 60%.  Leick et al. (2010) reported no effect of 60% DDGS inclusion 
levels on ultimate pH and objective color scores (Minolta, L*, a* and b* scores).  However, they 
reported an average increase of 28.6% in drip loss in pigs fed 30, 45 and 60% DDGS compared 
with pigs fed 0 and 15 % DDGS, and reported a linear reduction in subjective marbling scores 
with increasing dietary DDGS inclusion levels.  It is difficult to explain the linear reduction in 
subjective marbling score of pigs fed DDGS up to 60%; however, the study of Leick et al. (2010) 
evaluated much higher DDGS inclusion levels than in previous studies, and in addition, dietary 
crude protein was also higher than other studies, which may have reduced the energy availability 
for fat deposition due to the break down and excretion of the amino acids excesses (Noblet et al., 
1987; Su et al., 2004) 
In conclusion, results of published studies suggest that dietary DDGS levels up to 40% 
can be included in diets of growing-finishing pigs without negatively affecting meat quality.  
Further research is necessary to clearly understand the effects of feeding DDGS above this on the 
longissimus muscle subjective marbling score. 
Effects of dietary inclusion of DDGS on belly fatty acid composition and belly quality: 
A total of 10 studies have reported changes in the fatty acid (FA) composition of belly fat 
and belly firmness resulting from feeding increasing dietary DDGS levels and these are 
summarized in Table 6.  The general characteristics of the studies in terms of BW at slaughter, 
hot carcass weight, DDGS inclusion levels and time on feed were described previously in the 
section of this review dealing with carcass characteristics. 
In general, all studies have reported linear increases of polyunsaturated fatty acid (PUFA) 
content (Azain et al., 2009; Benz et al., 2010; Leick et al., 2010; Xu et al., 2010a,b) and linear 
reductions of saturated fatty acid (SFA) (White et al., 2009) and monounsaturated fatty acids 
(MUFA) content (Azain et al., 2009; Benz et al., 2010; Leick et al., 2010; Xu et al., 2010a,b) 
with increasing dietary DDGS inclusion levels. 
A linear increase in the iodine value (IV; defined as the number of grams of iodine 
absorbed per 100 g of fat) was reported in 8 of 9 experiments of pigs fed increased DDGS levels 
up to 60% (Witney et al., 2006b; Azain et al., 2009; Puls et al., 2009; White et al., 2009; Benz et 
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al., 2010; Leick et al., 2010; Xu et al., 2010a,b).  Only one study (Widmer et al., 2008) reported 
that the IV of belly fat was not affected by feeding a diet with 30% DDGS inclusion.  The 
reasons for the lack of differences between dietary treatments in this study are not clear, however, 
2% of SBM was added to the control diet, which may have influenced the belly FA profile. 
A summary of the response in the iodine value (expressed in grams of iodine absorbed 
per 100 g of fat) plotted against the degree of DDGS inclusion level is presented in Figure 2.  
The linear regression equation gave almost a good a fit to the data points (R
2
 = 0.68) and the 
slope of the linear regression line presented in Figure 2, indicated that every percentage unit 
increase in DDGS inclusion level was associated with a 0.41 g increase in the iodine value of 
belly fat. 
Belly firmness score was reported in 2 experiments.  Whitney et al. (2006b) and Xu et al. 
(2010a,b) reported that 20% DDGS dietary inclusion levels did not affect belly firmness score; 
however, belly firmness score showed an average reduction of 22% for pigs fed 30% DDGS 
compared to pigs fed 0% DDGS.  Belly flop distance was reported in 3 experiments (Azain et al., 
2009; Puls et al., 2009; Leick et al., 2010), and the results of those studies reported no effect on 
belly flop distance on pigs fed 20% DDGS inclusion levels; however, belly flop distance was 
reduced an average of 35% for pigs fed > 30% DDGS inclusion compared to pigs fed 0% DDGS. 
In animal tissues, fatty acids (FA) are obtained from de-novo synthesis from non-lipid 
precursors or derived exogenously from the diet (Wiseman and Agunbiade, 1998).  In pigs, 
dietary fat inhibits de novo fatty acid synthesis, in favor of the direct deposition of dietary fatty 
acids in adipose tissue (Farnworth and Kramer, 1987).  Therefore, alterations of the FA 
composition of pork fat reflect the FA composition of the dietary DDGS fed (which is relatively 
high in oil [~10%], unsaturated fatty acids [UFA], and C18:2).  Consequently, and depending on 
the degree of DDGS inclusion level, increases of PUFA and reductions of SFA and MUFA 
content are expected.  These changes on the belly FA profile produce the changes in IV and flop 
distance of the belly. 
In conclusion, results of published studies suggest a linear increase in PUFA and linear 
reductions of SFA, MUFA, and IV with increasing dietary DDGS inclusion levels.  Further 
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research is necessary to clearly understand the effects of feeding DDGS at 30% and higher 
inclusion levels on the belly firmness of pigs. 
Effects on the growth performance of pigs fed HP-DDG diets: 
Advancements in corn milling and fractionation processes have resulted in an 
increasingly wider range of corn co-products.  One of such fractionations technologies is called 
BFrac (Poet Companies, Sioux Falls. SD) in which bran and germ are removed from the corn 
and the resulting endosperm is used for ethanol production.  The resulting product of this 
fermentation process is High-Protein Distillers Dried Grain (HP-DDGBFrac) which contains ~ 
41% crude protein.  A different fractionation technology was developed by Buhler Inc. 
(Minneapolis, MN) in which the germ is removed from the grain and then is passed through 
roller mills and aspirators to remove the bran, then the endosperm is fermented for ethanol 
production. The resulted product is a High-Protein Distillers Dried Grains (HP-DDGBuhler) and 
contains ~ 45% crude protein. 
Although HP-DDG has been characterized for nutritional content (Widmer et al., 2007a, 
Kim et al., 2009; Jacela et al., 2010), only 2 studies have been carried out with growing-finishing 
pigs to investigate the impact of HP-DDG on growth performance.  Widmer et al. (2008) 
investigated the effect of feeding diets with 0, 15 and 30% HP-DDG inclusion (treatments were 
formulated by including HP-DDG in amounts sufficient to substitute either 50 or 100% of the 
soybean meal used in the control corn-soybean meal based diet) to pigs from 22 kg BW to 
market BW (121.2 kg).  They showed no effect of HP-DDG inclusion level on growth 
performance.  In contrast, Puls et al., (2009) fed 0, 10, 20, and 30% HP-DDG dietary inclusion 
levels to pigs from weaning (6.3 kg) to market BW (125 kg) in a commercial facility and showed 
no effect of HP-DDG inclusion level up to 20% on growth performance.  However, compared to 
the control, pigs fed diets with 30% HP-DDG had 13.7% lower ADG, 7.8% lower ADFI, 5.4% 
lower G:F, and considerably increased (90% higher) morbidity and mortality levels. 
In conclusion, results of published studies suggest that 20% HP-DDG can be included in 
diets for growing-finishing pigs without negatively affecting growth performance.  Further 
research is necessary to clearly understand the effects of feeding HP-DDG at 30% and higher 
inclusion levels on the growth performance of growing-finishing pigs. 
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Effects on carcass and meat quality characteristics of pigs fed HP-DDG diets: 
Only 2 studies have reported the impact of feeding HP-DDG on carcass and meat quality 
characteristics of pigs.  Widmer et al. (2008) reported no effect of including HP-DDG levels up 
to 30% of the diet on hot carcass weight and dressing percentage.  In contrast, Puls et al. (2010) 
reported a 2.6% reduction in hot carcass weight, and 2.5% reduction in carcass yield of pigs fed 
diets with 30% HP-DDG inclusion levels compared with the control pigs fed diets with 0% HP-
DDG.  On average, both studies (Widmer et al., 2008 and Puls et al., 2009) reported an 8.1% 
reduction in longissimus muscle depth of pigs fed diets with 30% HP-DDG inclusion levels 
compared with the control pigs fed diets with 0 to 20% HP-DDG.  No effects on 10
th
 rib back fat 
depth were reported in pigs fed up to 30% HP-DDG inclusion levels (Widmer et al., 2009; Puls 
et al., 2009).  
Widmer et al. (2009) and Puls et al. (2010) reported no changes on LM ultimate pH, drip 
loss and subjective color, firmness and marbling scores in pigs fed HP-DDG inclusion levels up 
to 30%.  Belly thickness was not affected by the dietary inclusion of HP-DDG, but IV increased 
on average by 9.5% in pigs fed diets with 30% HP-DDG compared with pigs fed diets with 0% 
HP-DDG inclusion levels.  Puls et al. (2010) reported a linear reduction in SFA and a linear 
increase in PUFA with increasing HP-DDG dietary inclusion level.  There were no changes on 
belly flop distance as HP-DDG increased from 0 to 30% in the diet (Widmer et al., 2008). 
In conclusion, results of published studies suggest that 20% HP-DDG can be included in 
diets from wean-finish pigs without negatively affecting carcass and meat quality characteristics.  
Further research is necessary to clearly understand the effects of feeding HP-DDG at 30% and 
higher inclusion levels on the carcass and belly fat chemical composition of pigs. 
Impact of the branched chain amino acids on growth performance. 
Interactions among the branched chain amino acids (BCAA) have been investigated 
mainly in rats (Shinnick and Harper, 1977; Block and Harper, 1984; Tsubuku et al., 2004; 
D’Mello, 2004) and poultry (D’Mello and Lewis, 1970; Allen and Baker, 1972; Hargrove et al., 
1988).  In these studies, relatively large amounts of BCAA were fed (Tables 7 and 8).  In pigs, 
most of the literature dealing with excess of BCAA has involved short-term experiments with 
growing animals (Table 7 and 8), with few research being carried out with finisher pigs 
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(Oestemer et al., 1973; Henry et al., 1976; Taylor et al., 1984; Edmonds and Baker, 1987; Langer 
et al., 2000a,b; Kerr et al., 2004; Fu, 2005; Lodelo et al., 2008).  In addition, chicks and pigs do 
not practice coprophagy, which is a potential confounding factor (due to an extra amino acid 
intake) in understanding the effects of dietary excesses of BCAA (Baker, 2005).  Studies that 
have investigated the impact of BCAA on responses in growth performance are summarized in 
Table 7 and will be discussed in this section. 
Overview of the branched chain amino acids interactions in poultry and rats: 
In poultry and rats, leucine appears to be the most potent among the BCAA.  Excess of 
this amino acid has been shown to reduce the concentration of valine, isoleucine and their α-keto 
acids in plasma (Table 8) and have a negative effect on feed intake and growth performance 
(Table 7) in rats and chicks.  D’Mello and Lewis (1970) demonstrated that, in young chicks, the 
addition of excess of leucine (2.9% in the diet) to a diet marginally limiting in isoleucine (0.64%) 
and valine (0.8%) reduced growth rate (from 15.9 to 13.0 g/day for control and excess leucine 
diets, respectively) and feed intake (from 29 to 26 g/day, respectively).  Valine supplementation 
(0.35% synthetic valine) reversed the negative effect on feed intake (from 26 to 29 g/day for the 
excess leucine compared with excess leucine + valine diets, respectively), and average daily gain 
(13 to 15 g/day, respectively), but isoleucine addition (0.35% synthetic isoleucine) reduced feed 
intake and average daily gain even further (from 29 to 22 g/day and from 15.9 to 10.8 g/day for 
control and excess leucine + isoleucine diets, respectively) and precipitated a marked decrease in 
plasma valine concentrations (from 157 to 93 nmoles/100 ml, respectively).  In contrast, 
circulating levels of isoleucine remained unchanged following individual or combined additions 
of leucine and valine (698 nmoles/100 ml).  Different authors (Calvert et al., 1982; Block and 
Harper, 1984; Harper et al., 1984; Langer et al., 2000) attributed the leucine-induced changes in 
plasma levels of isoleucine and valine to increased oxidation of these two amino acids.  A 
limited number of studies would support this view.  In chicks, Calvert et al. (1982) demonstrated 
that excess leucine (5%) failed to influence excretion of 
14
C-labeled isoleucine or valine, but 
markedly increased oxidation of these amino acids as indicated by enhanced in-vivo output of 
14
CO2.  In another experiment, Harper et al. (1984) demonstrated that enhanced branched chain 
keto acid (BCKA) oxidation might account for the depletion of plasma isoleucine and valine 
pools in chicks fed excess leucine (5%).  Subsequently, Papet et al. (1988), in rats, and Block and 
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Harper (1984), in pigs, observed that excess of leucine (0.9 vs. 5.0% dietary leucine) increased 
activities of aminotranferases (from 40 to 80% for low and high leucine intake, respectively) in 
the liver.  These results were later confirmed by Langer et al. (2000), who showed that the 
activity of aminotranferases in the liver, and biceps femoris muscle were increased (from 244 to 
250 nmol/min/g of tissue and 4.2 to 6.5 nmol/min/g tissue in liver and biceps femoris muscle, 
respectively) by feeding excess leucine (50% over the requirement for 30-35 kg pigs).  Disposal 
of the BCAA involves irreversible transamination to produce the corresponding branched-chain 
α-ketoacids, which in turn are subjected to oxidative decarboxylation by α-ketoacid 
dehydrogenase complex that consists in three catalytic components: a branched-chain α-ketoacid 
decarboxylase, a dihydrolipolyl transacy-lase, and a dihydrolipoyl dehydrogenase (Harperet al., 
1984; Harris et al., 2003) 
Those metabolic changes to an excess of leucine intake may explain, in part, the 
reduction in voluntary feed intake and growth performance.  For example, Calvert et al (1982) 
force fed chicks and determined that approximately 70% of the reduced growth rate in chicks fed 
a leucine excess diet (5% dietary leucine) could be accounted for by reducing feed intake.  The 
other portion of the growth depression may be caused by the increased BCAA catabolism, which 
may limit the availability of valine and isoleucine for growth.  The direct effect of feeding diets 
with excess leucine on voluntary feed intake was tested by Peng et al. (1973) in rats.  In that 
experiment, consumption of a diet containing 0.63 (Control diet) or 5% (high leucine diet) of 
leucine levels resulted in a depletion of food intake (from 5 to 1.5 g/day for control and high 
leucine diets, respectively).  This reduction in feed intake was associated with a depletion of the 
brain pools of large neutral amino acids (tyrosine, tryptophan, methionine, arginine, valine, 
isoleucine, histidine, and leucine), serotonin and dopamine, which are involved in the regulation 
of voluntary feed intake (Harper et al., 1984). 
Effect of the branched chain amino acids on pig growth performance: 
In pigs, the importance of interactions among the BCAA is not well-established.  In 
young pigs, Oestemer et al. (1973) found that increasing dietary leucine concentrations from 0.7 
to 1.02% in diets marginally deficient in isoleucine, reduced the concentrations of valine (from 
583 to 272 nmol/100 ml for low and high leucine levels, respectively) and isoleucine (from 286 
to 73 nmol/100 ml for low and high leucine levels, respectively) in plasma.  However, feed 
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intake and growth rate were not reduced.  Henry et al. (1976), using a similar leucine excess, 
confirmed the effects of reduced the levels of valine (from 394 to 362 nmoles/100 ml for control 
and high leucine diets, respectively) and isoleucine (from 153 to 71 nmoles/100 ml for control 
and high leucine diets, respectively) concentrations in the plasma and likewise did not show any 
effects on the feed intake and growth rate of young pigs.  Comparable results were reported by 
Oestemer et al. (1973) and Langer et al. (2000); these authors used 25 kg pigs and reported a 
reduction (35%) in isoleucine and valine plasma concentration with an excess (1.8%) of dietary 
leucine.  Taylor et al. 1984 fed two leucine levels (from 1.34 to 2.04%) in diets marginally 
deficient in isoleucine (0.38%) to growing pigs (25 kg BW).  In their results, only the highest 
leucine level reduced growth performance (from 629 vs 606 g/day for control and high leucine, 
low isoleucine diets, respectively) and plasma isoleucine (from 120 to 73 nmol/100 ml for low 
and high leucine diets, respectively) and valine (from 274 to 260 nmol/100 ml for low and high 
leucine diets, respectively) concentrations (Taylor et al., 1984).  In contrast, Edmonds and Baker 
(1987) and Baker (2004), using young pigs fed standard diets with dietary additions of leucine 
(from 0 to 6% synthetic leucine) and did not depress growth rate (525 and 519 g/day for control 
and 4% added synthetic leucine diets, respectively).  In older pigs (70 kg body weight), Hyun et 
al. (2003) fed diets with two leucine levels (1.35 and 3.35% of dietary leucine levels) and 
showed that pigs fed the high leucine diets consumed 5% less feed and grew 11% slower than 
the pigs fed the control diet (ADFI = 2.89 and 2.75; ADG = 0.93 and 0.83 kg/day for control and 
high leucine diets, respectively).  In contrast, Hyun et al. (2007) fed three levels of dietary 
leucine (1.2, 1.9 and 2.6% of dietary leucine), and reported no negative effects of high dietary 
leucine levels on feed intake and growth performance.  Similarly, Cisneros et al. (1996) fed high 
levels of leucine (1.0 vs. 3.0% of dietary leucine) to finisher pigs and found non-negative effects 
of high dietary leucine levels on feed intake and growth performance. 
These contradictory responses to high leucine diets may be related to the protein level 
and ingredients included in the diets (Baker, 2005).  For example, in rats, Sauberich (1961) 
showed that 5% of supplemental leucine depressed growth when added to a diet containing only 
6% casein.  In contrast, in a diet with 34% of casein, the same 50g/kg added leucine was not 
growth depressing.  In pigs, growth depression effects of excess leucine were not observed when 
the excess was included in diets that contained more than a 15% inclusion level of soybean meal 
(Cisneros et al., 1996; Hyun et al., 2007).  However, studies with finishing pigs that have used 
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low dietary inclusion levels for soybean meal (7% or below) have reported consistent reductions 
in feed intake and growth rate.  Thus, a dietary excess of leucine may interact with amino acids 
other than isoleucine and valine to produce adverse effects.  For example, in studies where the 
soybean meal inclusion level has been reduced to ~7%, valine (Russell et al., 1983 and 1987; 
Figueroa et al., 2003), histidine, and isoleucine (Figueroa et al., 2003) became limiting.  Other 
studies support the concept that the negative effect of excesses of BCAA can be ameliorated by 
addition to the diet of other amino acids such as valine.  For example, Fu (2005) added valine 
(0.29% of supplemental valine) to a high-leucine (1.34%) diet with 3% SBM inclusion level, and 
reversed most of the feed intake (3.6, 3.3 and 3.5 kg/day for control, high leucine, and high 
leucine + valine supplemented diets, respectively) and growth rate (1.06, 0.87 and 1.00 kg/day, 
respectively) depressing effects of excess leucine diets.  In other study, Fu (2005) reported that 
additions of valine (0.29%), histidine (0.26%), phenylalanine (0.20%), and isoleucine (0.40%) 
were required to restore feed intake (3.6 and 3.7 kg/day for control and high leucine + valine + 
histidine + phenylalanine + isoleucine supplemented diets, respectively) and growth rate (1.06 
and 1.16 kg/day, respectively) in pigs fed high leucine levels (1.34 %).  Similar results have been 
found in rats; Rogers et al. (1967) fed a 9% casein diet with 5% supplemental leucine and 
reported a reduction in feed intake (from 10.8 to 6.1 g/day for control and high leucine diets, 
respectively) and growth performance (from 3.0 to 0.71 g/day, respectively).  Addition of 0.3% 
of isoleucine and valine were found to largely overcome this growth depression (growth rates of 
3.0 and 2.5 g/day for control and high leucine + isoleucine + valine diets, respectively); however, 
complete restoration to the control rate of growth was achieved only after additional 
supplementation with a number of other amino acids, i.e., tryptophan (0.3%), phenylalanine 
(0.3%), threonine (0.3%), glycine (0.5%), alanine (0.5%) and glutamine 2.5% (3.0 and 4.0 g/kg 
for high leucine and high leucine + isoleucine + valine + tryptophan + phenylalanine + threonine 
+  glycine, + alanine + glutamine diets, respectively). 
Effect of the branched chain amino acids on immune function: 
In addition to the negative impact on growth, excess dietary leucine has been shown to 
suppress immune function in broilers (Tinker and Gous, 1986), rodents (Chevalier and 
Aschkenasy, 1977), and pigs (Gatnau et al., 1995).  In this later study, newly-weaned pigs (6 kg 
live weight) fed high leucine diets (1.6 vs 3.2% for the control and high dietary leucine diets, 
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respectively) had lower serum IgG concentration (145 and 92 absorbance x 10
3
 at 405 nm for 
control and high leucine diets respectively) 3 wk after a challenge with an injection of α-
ketoilecaproic acid.  Similar results have been reported in rats (Aschkenasy, 1979) where excess 
dietary leucine (7%) reduced lymphopoiesis in the spleen (1,263 and 863 x 10
3
 lymphocytes per 
mg of tissue for control and high leucine diets, respectively), and serum antibodies (from 2.63 to 
0.53 hemaglutinins [log 10], for low and high leucine diets, respectively) with complete 
disappearance of IgG globulins (from 2.22 to 0, log 10; respectively) in response to an injection 
of sheep red blood cells.  In general, the depression of serum isoleucine and valine due to a high 
dietary leucine supplementation may pay an important role to the production of white blood cells, 
neurophyls and eosinophils as well as in lymphocyte and macrophage activity (Chevalier and 
Aschlenasy, 1977; Aschkenasy, 1979;), which may reduce the immune function and could lead 
to increased morbidity and mortality in domestic animals. 
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Figures 
Figure 1.  Linear relationship of DDGS inclusion level and carcass yield.  All data included were 
experiments that feed the experimental diets for more than 60days. 
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Figure 2.  Linear relationship of DDGS inclusion level and belly iodine value.  All data included 
were experiments that feed the experimental diets for more than 28days. 
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Tables 
 
Table 1. Comparison of nutrient composition (%) of corn, soybean meal, distillers dried grains 
with solubles, high-protein distillers dried grains, and corn gluten meal (as-fed basis)
1
. 
 Corn Soybean meal DDGS HP-DDG Corn gluten meal 
Dry matter 89 89 93 88 90 
Crude protein 8.3 43.8 27.7 42.5 60.2 
Crude fat 3.9 1.5 8.4 3.0 2.9 
Calcium 0.03 0.32 0.20 0.02 0.05 
Phosphorus 0.28 0.65 0.77 0.38 0.44 
Iodine Value 109.5 107.2 123.9 110.9 117.0 
Essential aa's      
Arginine 0.37 3.48 1.13 1.50 1.93 
Histidine 0.23 1.28 0.69 1.06 1.28 
Isoleucine 0.28 2.16 1.03 1.70 2.48 
Leucine 0.99 3.66 2.57 6.03 10.19 
Lysine 0.26 3.02 0.62 1.11 1.02 
Methionine 0.17 0.67 0.50 0.89 1.43 
Cystine 0.19 0.74 0.52 0.70 1.09 
Phenylalanine 0.39 2.39 1.34 2.46 3.84 
Tyrosine 0.25 1.82 0.83 - 3.25 
Threonine 0.29 1.85 0.94 1.56 2.08 
Tryptophan 0.06 0.65 0.25 0.27 0.31 
Valine 0.39 2.27 1.30 2.11 2.79 
1
Corn, DDGS, and Corn gluten meal values were taken from NRC, 1988. HP-DDG was taken from Widmer et al., 
2008 
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Table 2. Published studies investigating the effect of feeding corn DDGS on the growth 
performance of nursery pigs.  
       DDGS inclusion level, %  
Paper nw 
Weaning 
Age, d 
Body 
weight 
range, kg 
Control 
SBMx 10 15 20 25 30 P- value 
Average daily gain, kg/day           
Barbosa et al., 2008 3,000 21 10-24 0.506 0.512 - 0.515 - - NS 
Burcley et al., 2008& 96 21 NR NR - NR - - NR NS 
Gaines et al., 2006 345 21 11-24 NR - NR - - NR NS 
Liennen et al., 2006 482 22 10 0.430 0.400 - - - - NS 
Spencer et al., 2007 300 31 9 NR - - - - NR NS 
Whitney et al., 2004 96 19 7-25 0.480 0.470 - 0.489 0.466 - NS 
Whitney et al., 2004 96 17 5-20 0.431 0.427 - 0.425 0.398 - NS 
Whitney et al., 2006b 80 17 6-16 0.379 0.389 - 0.360 - - NS 
Average daily feed intake, kg/day           
Barbosa et al., 2008 3,000 21 10-24 0.758 0.754 - 0.743 - - NS 
Burcley et al., 2008& 96 21 NR NR - NR - - NR NS 
Gaines et al., 2006 345 21 11-24 NR - NR - - NR NS 
Liennen et al., 2006 482 22 10 0.649 0.621 - - - - NS 
Spencer et al., 2007 300 31 9 NR - - - - NR NS 
Whitney et al., 2004 96 19 7-25 0.756 0.761 - 0.789 0.774 - NS 
Whitney et al., 2004 96 17 5-20 0.637 0.659 - 0.644 0.591 - NS 
Whitney et al., 2006b 80 17 6-16 0.595 0.593 - 0.589 - - NS 
G:F ratio, kg/kg            
Barbosa et al., 2008 3,000 21 10-24 0.67a 0.68a - 0.69b - - * 
Burcley et al., 2008& 96 21 NR NR - NR - - NR NS 
Gaines et al., 2006 345 21 11-24 NR - NR - - NR NS 
Liennen et al., 2006 482 22 10 0.68 0.70 - - - - NS 
Spencer et al., 2007 300 31 9 0.67  -  -  -  - 0.72 ** 
Whitney et al., 2004 96 19 7-25 0.65 0.65 - 0.62 0.62 - NS 
Whitney et al., 2004 96 17 5-20 0.70 0.68 - 0.66 0.66 - NS 
Whitney et al., 2006b 80 17 6-16 0.64a 0.66a - 0.61b - - NS 
* P < 0.05 
** P < 0.01 
NS = P>0.05 
NR = Data not reported 
a, b, c Within a study, means with different superscripts are different (P < 0.05). 
& Pigs feed 30% DDG in phase 3, from day 22 to 42 of life 
w Total number of pigs used 
x Corn-soybean meal based diets 
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Table 3. Published studies investigating the effect of feeding corn DDGS on the growth 
performance of growing-finishing pigs. 
        DDGS inclusion level, %    
Paper nw 
Body weight 
range, kg  
Control 
SBMx 10 15 20 30 40 P-value 
Average daily gain, kg/day        
Augspurger et al., 2008 480 52-110 NR - NR - NR - NS 
Cook et al., 2005 1040 42-116 NR NR - NR NR - NS 
Cromwell et al., 2009 560 33-121 0.944a - 0.953a - 0.924b 0.916cz ** Linear 
Fu et al., 2004 1256 29-120 1.030a 1.010a - 0.990b 0.980b - * Linear 
Gaines et al., 2007a 880 44-129 NR - - NR - - NS 
Gaines et al., 2007b 117 66120 NR - - - NR - NS 
Gralap et al., 2002 72 84-103 0.800 - 0.780 - - - NS 
Hastad et al., 2005 187 24-40 NR NR - NR NR - NR 
Linneen et al., 2007, exp 1 1050 50-80 0.942 - 0.942 - - - NS 
Linneen et al., 2008 1038 47-95 0.849 0.858 - 0.834 0.835 - NS 
Linneen et al., 2008 1112 50-118 0.921 0.915 - 0.883 - - NS 
McEwen, 2008, exp 1 96 70-113 1.060 1.040 - 1.040   NS 
McEwen, 2008, exp. 2 84 70-110 1.130 1.120 - 1.140   NS 
McEwen et al., 2006 96 70-110 1.060 1.040 - 1.040   NS 
Shurson et al., 2004 240 30-110 0.862a 0.860a - 0.816b 0.807b - * 
Spiehs et al., 2009 135 14-85 0.740 - - - 0.690 - * 
White et al., 2009 30 88-109 0.660 - - 0.710 - 0.780 NS 
Whitney et al., 2006 240 28-115 0.862a 0.859a - 0.827bc 0.808bd - * Linear 
Widmer et al., 2007 84 22-114 NR NR - NR - - NS 
Widmer et al., 2008 84 22-120 0.894 0.929 - 0.903 - - NS 
Xu et al., 2010a 512 22-115 0.920 0.920 - 0.920 0.910 - NS 
Xu et al., 2010b 438 30-125 0.920 - 0.910 - 0.870 - NS 
Yoon et al., 2010 208 50-80 0.948 0.925 - - - - NS 
Yoon et al., 2010 208 80-110 0.775 - 0.762 - - - NS 
Average daily feed intake, kg/day        
Augspurger et al., 2008 480 52-110 NR - NR - NR - NS 
Cook et al., 2005 1040 42-116 NR NR - NR NR - NS 
Cromwell et al., 2009 560 33-121 2.74 - 2.77- - 2.69 2.71z NS 
Fu et al., 2004 1256 29-120 2.56a 2.53b - 2.44c 2.41c - * Linear 
Gaines et al., 2007a 880 44-129 NR - - NR - - NS 
Gaines et al., 2007b 117 66120 NR - - - NR - NS 
Gralap et al., 2002 72 84-103 2.75 - 2.91 - - - * 
Hastad et al., 2005 187 24-40 0.78b 0.52b - 0.33c 0.15d - * Linear 
Linneen et al., 2007, exp 1 1050 50-80 2.14 - 2.15 - - - NS 
Linneen et al., 2008 1038 47-95 1.95 1.98 - 1.91 1.90 - NS 
Linneen et al., 2008 1112 50-118 2.39 2.37 - 2.29 - - NS 
McEwen, 2008, exp 1 96 70-113 2.90 2.80 - 2.80   NS 
McEwen, 2008, exp. 2 84 70-110 3.10 3.00 - 3.10   NS 
McEwen et al., 2006 96 70-110 NR NR - NR   NS 
Shurson et al., 2004 240 30-110 2.27a 2.27a - 2.20b 2.22b - * 
Spiehs et al., 2009 135 14-85 1.96 - - - 1.87 - * 
White et al., 2009 30 88-109 2.75 - - 2.82 - 3.09 NS 
Widmer et al., 2007 84 22-114 NR NR - NR - - NS 
Whitney et al., 2006 240 28-115 2.38 2.37 - 2.31 0.24 - NS 
Widmer et al., 2008 84 22-120 2.57 2.75 - 2.60 - - NS 
Xu et al., 2010a 512 22-115 2.57a 2.55a - 2.49b 2.46b - ** 
Xu et al., 2010b 438 30-125 2.74 - 2.73 - 2.63 - NS 
Yoon et al., 2010 208 50-80 2.83 2.82 - - - - NS 
Yoon et al., 2010 208 80-110 2.98 - 2.93 - - - NS 
* P < 0.05; ** P < 0.01; NS = P > 0.05; NR = Data not reported  
a, b, c Within a study, means with different superscripts are different (P < 0.05). 
w Total number of pigs used  
x Corn-soybean meal based diets 
z 45% DDGS inclusion level 
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Table 3. Continuation 
        DDGS inclusion level, %    
Paper nw 
Body weight 
range, kg  
Control 
SBMx 10 15 20 30 40 P-value 
G:F Ratio, kg/kg        
Augspurger et al., 2008 480 52-110 NR - NR - NR - NS 
Cook et al., 2005 1040 42-116 NR NR - NR NR - NS 
Cromwell et al., 2009 560 33-121 0.345 - 0.343 - 0.342 0.338z NS 
Fu et al., 2004 1256 29-120 0.405 0.400 - 0.407 0.405 - NS 
Gaines et al., 2007a 880 44-129 0.318 - - 0.310 - - * 
Gaines et al., 2007b 117 66120 0.312 - - - 0.305 - * 
Gralap et al., 2002 72 84-103 0.290 - 0.260 - - - NS 
Hastad et al., 2005 187 24-40 NR NR - NR NR - NR 
Linneen et al., 2007, exp 1 1050 50-80 0.440 - 0.440 - - - NS 
Linneen et al., 2008 1038 47-95 0.437 0.435 - 0.437 0.440 - NS 
Linneen et al., 2008 1112 50-118 0.385 0.387 - 0.386 - - NS 
McEwen, 2008, exp 1 96 70-113 0.370 0.370 - 0.370 - - NS 
McEwen, 2008, exp. 2 84 70-110 0.357 0.370 - 0.370 - - NS 
McEwen et al., 2006 96 70-110 NR NR - NR - - NS 
Shurson et al., 2004 240 30-110 0.378a 0.378a - 0.378b 0.360c - * 
Spiehs et al., 2009 135 14-85 0.380 - - - 0.370 - NS 
White et al., 2009 30 88-109 0.240 - - 0.250 - 0.250 NS 
Widmer et al., 2007 84 22-114 NR NR - NR - - NS 
Whitney et al., 2006 240 28-115 0.360a 0.360a - 0.360a 0.340b - * Linear 
Widmer et al., 2008 84 22-120 0.349 0.338 - 0.348 - - NS 
Xu et al., 2010a 512 22-115 0.36a 0.36a - 0.37b 0.37b - ** 
Xu et al., 2010b 438 30-125 0.330 - 0.340 - 0.330 - NS 
Yoon et al., 2010 208 50-80 0.335 0.328 - - - - NS 
Yoon et al., 2010 208 80-100 0.334 - 0.333- - - - NS 
* P < 0.05 
** P < 0.01  
NS = P > 0.05 
 NR = Data not reported  
a, b, c Within a study, means with different superscripts are different (P < 0.05). 
w Total number of pigs used  
x Corn-soybean meal based diets 
z 45% DDGS inclusion level 
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Table 4. Published studies investigating the effect of feeding corn DDGS on the carcass and meat quality characteristic of 
finishing pigs. 
    DDGS inclusion level, %  
Item nw 
Slaughter BW, kg 
/ Time on feed, d 
Control 
SBMx 5 10 15 20 30 40 45 60 P-value 
Hot carcass weight, kg             
   Fu et al., 2004 1256 120/92 NR - NR - NR NR - - - * Linear 
   Gaines et al., 2007a 880 44-/90 NR - - - - NR - - - NS 
   Leick et al., 2010 240 132/102 102.5c - - 101.2bc - 97.8ab - 96.9a 96.0a * Linear 
   Linneen et al., 2008 1050 117/78 89.2 88.9 88.6 87.6 87.4 - - - - NS 
   Widmer et al., 2007 84 110114 NR - NR - NR - - - - NS 
   Witney et al., 2006 240 115/103 85.7c - 86.8c - 81.5d 80.6d - - - * Linear 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 94.4a - - 95.6 - 92.4b - - - * 
            3wk - - - - - 94.5 - 95.4 - - - - 
            6wk - - - - - 95.3 - 92.8 - - - - 
            9wk - - - - - 92.6 - 94.4 - - - - 
   Xu et al., 2010b 512 130/100 100.5 - 100.50 - 100.4 98.8 - - - NS 
Carcass yield, %             
Cook et al., 2005 1040 116/90 77.3 - 76.6 - 76.2 75.6 - - - * 
   Fu et al., 2004 1256 120/92 NR - NR - NR NR - - - NS 
   Gaines et al., 2007a 880 44-/90 76.9 - - - - 76.0 - - - NS 
   Leick et al., 2010 240 132/102 75.8b - - 74.9ab - 75.4b - 74.7ab 74.0a * Linear 
   Linneen et al., 2008 1050 117/78 75.7 75.5 75.4 75.2 75 - - - - NS 
   Widmer et al., 2007 84 110114 NR - NR - NR - - - - NS 
   Witney et al., 2006 240 115/103 73.4c - 72.8c - 72.1d 71.9d - - - * Linear 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 76.1 - - 76.7 - 76.7 - - - NS 
            3wk - - - - - 76.7 - 77.0 - - - - 
            6wk - - - - - 76.4 - 75.9 - - - - 
            9wk - - - - - 76.2 - 78.8 - - - - 
   Xu et al., 2010b 512 130/100 77.9 - 77.7 - 77.1 76.7 - - - * Linear 
   Yoon et al.,2010 208 120/63 75.3 - - 74.4 - - - - - NS 
* P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c Within a study, means with different superscripts are different (P < 0.05). 
w Total number of pigs used             
x Corn-soybean meal based diets             
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Table 4. Continuation. 
    DDGS inclusion level, %  
Item nw 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBMx 5 10 15 20 30 40 45 60 P-value 
10th rib back fat depth, cm             
   Azain et al., 2009 560 121/95 2.28 - - 2.27 - 2.14 - 2.13 - * Linear 
   Fu et al., 2004 1256 120/92 NR - NR - NR NR - - - NS 
   Gaines et al., 2007a 880 44-/90 NR - - - - NR - - - NS 
   Leick et al., 2010 240 132/102 1.82 - - 1.92 - 1.78 - 1.78 1.75 NS 
   Linneen et al., 2008 1050 117/78 1.86 1.88 1.82 1.81 1.79 - - - - NS 
   Shurson et al., 2001 240 115/100 NR - - NR - NR - - - NS 
   Witney et al., 2006 240 107/28 2.13 - 2.18 - 2.11 2.06 - - - NS 
   White et al., 2009 36 115/103 3.25 - - - 2.93 - 2.98 - - NS 
   Widmer et al., 2007 84 110114 NR - NR - NR - - - - NS 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 2.82 - - 2.73 - 2.66 - - - NS 
            3wk - - - - - 2.75 - 2.74 - - - - 
            6wk - - - - - 2.56 - 2.62 - - - - 
            9wk - - - - - 2.76 - 2.50 - - - - 
   Xu et al., 2010b 512 130/100 2.92 - 2.90 - 2.87 2.74 - - - NS 
   Yoon et al.,2010 208 120/63 2.01 - - 4.90 - - - - - NS 
             
Loin 10th rib depth, cm             
   Cook et al., 2005 1040 116/90 NR - NR - NR NR - - - NS 
   Fu et al., 2004 1256 120/92 NR - NR - NR NR - - - NS 
   Gaines et al., 2007a 880 44-/90 6.83 - - - - 6.55 - - - ** 
   Leick et al., 2010 240 132/102 5.91 - - 5.86 - 5.57 - 5.63 5.58 NS 
   Linneen et al., 2008 1050 117/78 5.85 5.85 5.81 5.73 5.75 - - - - NS 
   Shurson et al., 2001 240 115/100 NR - - NR - < control, NR - - - * 
   Widmer et al., 2007 84 110114 NR - NR - NR - - - - NS 
   Witney et al., 2006 240 115/103 5.65ac - 5.39b - 5.48c 5.16d - - - * Linear 
* P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c Within a study, means with different superscripts are different (P < 0.05). 
w
 Total number of pigs used
 
            
x 
Corn-soybean meal based diets             
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Table 4. Continuation. 
    DDGS inclusion level, %  
Item nw 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBMx 5 10 15 20 30 40 45 60 P-value 
Fat Free lean, %             
   Azain et al., 2009 560 121/95 51.7 - - 52.2 - 52.4 - 52.3 - NS 
   Cook et al., 2005 1040 116/90 NR - NR - NR NR - - - NS 
   Gaines et al., 2007a 880 44-/90 54.9 - - - - 54.5 - - - * 
   Xu et al., 2010b 512 132/102 49.9 - 49.9 - 50.2 50.6 - - - NS 
   Leick et al., 2010 240 117/78 52.6 - - 52.2 - 52.3 - 52.4 52.5 NS 
   Linneen et al., 2008 1050 115/100 49.3 49.5 49.5 49.7 49.7 - - - - NS 
   Shurson et al., 2001 240 107/28 NR - - NR - NR - - - NS 
   White et al., 2009 36 115/103 48.3 - - - 44.6 - 37.6 - - * Linear 
   Witney et al., 2006 240 130/100 52.6 - 52.0 - 52.6 52.5 - - - NS 
   Yoon et al.,2010 208 120/63 49.1 - - 43.9 - - - - - NS 
* P < 0.01             
NS = P > 0.05             
NR = Data not reported             
w Total number of pigs used             
x Corn-soybean meal based diets            
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Table 5. Published studies investigating the effect of feeding corn DDGS on the Longissimus muscle meat quality 
characteristics of finishing pigs. 
    DDGS inclusion level, %  
Item n
w
 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBM
x
 5 10 15 20 30 40 45 60 P-value 
24 h ultimate pH             
   Leick et al., 2010 240 132/102 5.50 - - 5.60 - 5.50 - 5.50 5.50 NS 
   Witney et al., 2006 240 115/103 5.61 - 5.56 - 5.60 5.61 - - - NS 
   Xu et al., 2010b 512 130/100 5.63 - 5.64 - 5.62 5.65 - - - NS 
             
Drip Loss, %             
   Leick et al., 2010 240 132/102 1.80
a
 - - 2.20
ab
 - 2.80
c
 - 2.90
c
 2.70
bc
 * Linear 
   White et al., 2009 36 115/103 3.28 - - - 5.03 - 2.95 - - NS 
   Witney et al., 2006 240 115-103 2.06 - 2.37 - 2.84 2.54 - - - NS 
   Xu et al., 2010b 512 130/100 3.14 - 3.73 - 3.31 3.11 - - - NS 
             
Color, NPPC 2000             
  White et al., 2009 36 107/28 2.08 - - - 2.33 - 2.25 - - NS 
   Witney et al., 2006 240 115-103 3.17 - 3.15 - 3.05 3.12 - - - NS 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 3.13 - - 3.20 - 3.20 - - - NS 
            3wk - - - - - 3.33 - 3.30 - - - - 
            6wk - - - - - 3.25 - 3.00 - - - - 
            9wk - - - - - 3.30 - 3.00 - - - - 
   Yoon et al.,2010 208 120/63 3.33 - - 3.25 - - - - - NS 
* P < 0.05             
** P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
w
 Total number of pigs used
 
            
x 
Corn-soybean meal based diets             
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Table 5. Continuation. 
    DDGS inclusion level, %  
Item n
w
 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBM
x
 5 10 15 20 30 40 45 60 P-value 
Minolta measurements             
   Leick et al., 2010 240 132/102 - - - - - - - - - - 
        L
*
 - - 44.6 - - 44.9 - 45.5 - 45.2 45.4 NS 
       a
*
 - - 6.4 - - 6.9 - 6.5 - 6.2 6.2 NS 
       b
*
 - - 2.8 - - 3 - 2.8 - 2.8 2.9 NS 
   Xu et al., 2010b 512 130/100 - - - - - - - - - - 
        L
*
 - - 46.7 - 46 - 46.3 46.2 - - - NS 
       a
*
 - - -0.9 - -0.8 - -1.0 -1.2 - - - *Linear 
       b
*
 - - 9.4 - 9.4 - 9.0 9.0 - - - *Linear 
   Yoon et al.,2010 208 120/63 - - - - - - - - - - 
        L
*
 - - 51.0 - - 52.3 - - - - - NS 
       a
*
 - - 7.1 - - 7.1 - - - - - NS 
       b
*
 - - 5.9 - - 5.9 - - - - - NS 
             
Firmness, NPPC 2000             
   Leick et al., 2010 240 132/102 2.80
b
 - - 2.80
b
 - 2.30
a
 - 2.80
b
 2.80
b
 * Quad 
   White et al., 2009 36 115/103 2.75 - - - 2.75 - 2.67 - - NS 
   Witney et al., 2006 240 115-103 2.21 - 2.04 - 2.06 2.08 - - - NS 
   Xu et al., 2010a 432 130/100 - - - - - - - - - - 
       DDGS Withdrawal period, wk - - 2.81 - - 3.00 - 2.90 - - - NS 
            0wk - - - - - 2.80 - 3.00 - - - - 
            3wk - - - - - 2.88 - 3.10 - - - - 
            6wk - - - - - 2.90 - 2.90 - - - - 
            9wk - - - - - - - - - - - - 
   Xu et al., 2010b 512 120/63 2.83 - 2.77 - 2.65 2.52 - - - *Linear 
* P < 0.05             
** P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
w Total number of pigs used             
x Corn-soybean meal based diets             
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Table 5. Continuation. 
    DDGS inclusion level, %  
Item n
w
 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBM
x
 5 10 15 20 30 40 45 60 P-value 
Marbling, NPPC 2000             
   Leick et al., 2010 240 132/102 2.00
bc
 - - 2.10
c
 - 2.00
bc
  1.50
ab
 1.70
ab
 **Linear 
  White et al., 2009 36 115/103 2.33 - - - 1.58 - 1.83 - - NS 
   Witney et al., 2006 240 115-103 1.89 - 1.85 - 1.72 1.91 - - - NS 
   Xu et al., 2010a 432 130/100 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 2.50 - - 2.10 - 3.10 - - - NS 
            3wk - - - - - 2.20 - 2.90 - - - - 
            6wk - - - - - 2.88 - 2.50 - - - - 
            9wk - - - - - 2.80 - 3.00 - - - - 
   Xu et al., 2010b 512 130/100 2.82 - 2.74 - 2.43 2.42 - - - **Linear 
   Yoon et al.,2010 208 120-63 2.67 - - 2.33 - - - - - NS 
* P < 0.05             
** P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
w
 Total number of pigs used
 
            
x 
Corn-soybean meal based diets             
 
42 
 
 
Table 6. Published studies investigating the effect of feeding corn DDGS on the belly fatty acid composition and belly flop distance 
of finishing pigs. 
    DDGS inclusion level, %  
Item n
w
 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBM
x
 5 10 15 20 30 40 45 60 P-value 
Fatty acid profile             
Monounsaturated fatty acids, %
m
             
   Azain et al., 2009 560 121/95 NR - - NR - NR - NR - ** Linear 
   Benz et al., 2010 1112 - 49.1 48.9 48.3 47.9 47.2 - - - - * Linear 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
   Leick et al., 2010 240 132/102 46.6
b
 - - 41.1
b
  36.5
a
  36.0
a
 35.8
a
 **Linear 
   Xu et al., 2010a - 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 48.6 - - 47.3 - 46.4 - - - * 
            3wk - - - - - 46.7 - 45.2 - - - - 
            6wk - - - - - 47.8 - 44.8 - - - - 
            9wk - - - - - 49.7 - 46.5 - - - - 
   Xu et al., 2010b 512 130/100 51.3  51.0  49.2 47.7 - - - ** Linear 
Polyunsaturated fatty acids, %
n
             
   Azain et al., 2009 560 121/95 NR - - NR - NR - NR - ** Linear 
   Benz et al., 2010 1112 - 15.8 16.9 17.81 18.84 18.4 - - - - * Linear 
   Leick et al., 2010 240 132/102 27.2
a
 - - 31.2
ab
 - 34.1
b
 - 38.6
c
 38.5
c
 **Linear 
   Xu et al., 2007 2012 22-123 14.1 - 16.1 - - - - - - * 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 10.7
a
 - - 16.6
b
 - 19.1
b
 - - - ** 
            3wk - - - - - 15.0
b
 - 18.0
b
 - - - - 
            6wk - - - - - 14.3
b
 - 16.0
b
 - - - - 
            9wk - - - - - 12.5 - 14.5
b
 - - - - 
* P < 0.05             
** P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c Within a study, means with different superscripts are different (P < 0.05). 
w Total number of pigs used             
x Corn-soybean meal based diets             
m Monounsaturated fatty acids = C16:1 [palmitotenic acid], C18:1, and C20:1 [eicosenoic acid] 
n Polyunsaturated fatty acids = C18:2 + C18:3 + C20:2 [eicosadienoic acid] + C20:3 [eicosatrienoic acid] 
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Table 6. Continuation. 
    DDGS inclusion level, %  
Item n
w
 
Slaughter BW, kg 
/ Time on feed, d 
Control 
SBM
x
 5 10 15 20 30 40 45 60 P-value 
Polyunsaturated fatty acids, %
o
             
   Xu et al., 2010b 512 130/100 10.9 - 13.4 - 16.7 19.2 - - - ** Linear 
             
Sturated /polyunsaturated fatty acids ratio
o
          
    White et al., 2007 - - 0.64 - - - 0.57 - 0.54 - - * 
    White et al., 2009 36 107/28 0.59 - - - 0.53 - 0.50 - - * Linear 
             
Iodine Value             
   Azain et al., 2009 560 121/95 74.0 - - 79.0 - 85.0 - 92.0 - ** Linear 
   Benz et al., 2010 1112 - 70.2 71.5 72.4 73.3 74.5 - - - - * Linear 
   Leick et al., 2010 240 132/102 82.4
a
 - - 89.2
ab
 - 88.9
ab
 - 96.7
b
 95.6
b
 *Linear 
   Puls et al., 2009 240 - 78.4 - - NR - NR - NR 93.4 * 
   White et al., 2009 36 107/28 65.1 - - - 69.8 - 74.3 - - * Linear 
   Widmer et al., 2008 84 22-122 69.8 - 69.8 72.0 - - - - - NS 
   Witney et al., 2006 240 115/103 66.8
d
 - 68.6
e
 - 70.6
f
 72.0
f
 - - - * Linear 
   Xu et al., 2007 2012 22-123 66.7 - 68.3 - - - - - - * 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 58.8
a
 - - 67.3
b
 - 71.2
b
 - - - Diet** 
            3wk - - - - - 64.4
b
 - 68.2
b
 - - - Withdrawal ** 
            6wk - - - - - 64.1
b
 - 64.5
b
 - - - - 
            9wk - - - - - 62.7 - 62.7 - - - - 
   Xu et al., 2010b 512 130/100 61.5 - 65.4 - 69.3 72.3 - - - **Linear 
* P < 0.05             
** P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
w
 Total number of pigs used             
x
 Corn-soybean meal based diets 
n Polyunsaturated fatty acids = C18:2 + C18:3 + C20:2 [eicosadienoic acid] + C20:3 [eicosatrienoic acid]
 
o
 Saturated fatty acids = C14:0 [myristic acid] + C16:0 [palmitic acid] + C18:0 [stearic acid] 
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Table 6. Continuation. 
    DDGS inclusion level, %  
Item n
w
 
Slaughter BW, kg / 
Time on feed, d 
Control 
SBM
x
 5 10 15 20 30 40 45 60 P-value 
Belly firmness score             
   Witney et al., 2006 240 115/103 27.3
a
  24.4a - 25.1a 21.3
b
 - - - * Linear 
   Xu et al., 2010a 432 124/104 - - - - - - - - - - 
       DDGS Withdrawal period, wk             
            0wk - - 38.0
a
 - - 34.5 - 19.1
b
 - - - Diet** 
            3wk - - - - - 25.2 - 24.6 - - - - 
            6wk - - - - - 36.5 - 27.2 - - - - 
            9wk - - - - - 28.4 - 26.9 - - - - 
             
Belly flop distance, cm             
   Azain et al., 2009 560 121/95 11.7 - - 8.6 - 8.4 - 6.8 - * Linear 
   Leick et al., 2010 240 132/102 11.8
b
 - - 9.5
ab
 - 7.3
a
 - 7.5
a
 6.8
a
 **Linear 
   Puls et al., 2009 240 - 10.9 - - 8.7 - 7.4 - 7.7 7.4 * 
* P < 0.05             
** P < 0.01             
NS = P > 0.05             
NR = Data not reported             
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
w
 Total number of pigs used
 
            
x 
Corn-soybean meal based diets             
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Table 7. Overview of the experiments using high leucine diets and their impact on growth performance. 
    Growth performance 
Reference Treatments* ADFI g/day ADG g/day G:F g/g 
Rats     
  Rogers et al., 1967 Control (C-9% casein diet) 10.80 3.00 0.278 
 C+5% Leu 6.10 0.71 0.117 
 C+5% Leu+0.3% Ile+0.3% Val 10.10 2.50 0.248 
 C+5% Leu+0.3% Ile+0.3% Val+0.3% Phe 8.80 2.21 0.252 
 C+5% Leu+0.3% Ile+0.3% Val+0.1% Trp+0.3% Phe 8.80 2.07 0.235 
 C+5% Leu+0.3% Ile+0.3% Val+0.3% Phe +0.3% Thr 8.50 2.29 0.269 
 C+5% Leu+0.3% Ile+0.3% Val+0.1% Trp+0.3% Phe +0.3% Thr 12.10 4.00 0.331 
 
C+5% Leu+0.3% Ile+0.3% Val+0.1% Trp+0.3% Phe +0.3% Thr + 
0.5% Asn, 0.5% Gly, 0.5% Ala and 2.5% Glu 11.80 4.42 0.356 
     
  Shinnick and Harper, 1977 Control (C-9% casein diet) 9.11
a
 3.09
a
 0.339 
 C+5% Leu 5.46
b
 0.89
b
 0.163 
 C+5% Leu + 0.3% Ile+ 0.3% Val 6.80
c
 1.68
c
 0.247 
     
  Aschkenasy A., 1979 Control (18% casein diet) - 9.31
a
 - 
 Basal (4% casein diet) - 2.94
b
 - 
 Basal + 7% Leu - 2.37
c
 - 
 Basal + 7% Leu + 0.2% Ile + 0.2% Val - 3.40
b
 - 
     
  Chevalier and Aschkenasy, 1977 Control (18% casein diet) 25.70 8.78 0.342 
 Control + Leu 26.00 7.63 0.293 
 Negative control (4% casein diet) 10.70 1.77 0.165 
 Negative control + 7% Leu 7.40 1.64 0.222 
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
*Were no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 7, Continuation    
    Growth performance 
Reference Treatments* ADFI g/day ADG g/day G:F g/g 
  Tsubuku et al., 2004 Standard diet (CRF-1; oriental teast, Japan) Basal + 1.25% Ile 783 360 - 
 Standard + 2.5% Ile 1565 353 - 
 Standard + 5% Ile 3008 348 - 
 Standard + 1.25% Val 823 361 - 
 Standard + 2.5% Val 1604 360 - 
 Standard + 5% Val 3225 362 - 
 Standard + 1.25% Leu 833 340 - 
 Standard + 2.5% Leu 1660 428 - 
 Standard + 5% Leu 3333 402 - 
Chicks     
  Demello and Lewis, 1970 Basal (C-17% nut meal; 1.4% Leu, 0.64% Ile, and 0.83% Val) 29 15.9
a
 0.550 
 Basal + 1.5% Leu 26 13.0
b
 0.500 
 Basal + 0.35% Ile 27 15.2
a
 0.561 
 Basal + 0.35% Val 28 15.8
a
 0.560 
 Basal + 1.5% Leu + 0.35% Ile 22 10.8
c
 0.491 
 Basal + 1.5% Leu + 0.35% Val 29 15.0
a
 0.521 
 Basal + 0.35% of Val and Ile 29 17.1
d
 0.590 
 Balsal +1.5% Leu +0.35% Ile + 0.35% Val 30 16.9
ad
 0.560 
     
  Allen and Baker, 1972 
Basal (Synthetic diet, 1.2% Leu, 0.6% Ile, 0.82% Val) + 0.35% 
Val 28 -1.1 -0.039 
 Basal + 0.40% Val 39 5.3 0.136 
 Basal + 0.45% Val 52 15.3 0.294 
 Basal + 0.50% Val 60 24.0 0.400 
 Basal + 0.55% Val 66 31.0 0.470 
 Basal + 3% leu+ 0.35% Val 35 2.2 0.063 
 Basal +  3% leu+ 0.40% Val 42 9.3 0.221 
 Basal + 3% leu+  0.45% Val 48 15.1 0.315 
 Basal + 3% leu+ 0.50% Val 59 24.4 0.414 
 Basal + 3% leu+ 0.55% Val 65 30.2 0.465 
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
*Where no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 7, Continuation    
    Growth performance 
Reference Treatments* ADFI g/day ADG g/day G:F g/g 
  Allen and Baker, 1972 Basal + 0.30% Ile 35 -1.6 -0.046 
 Basal + 0.34% Ile 42 5.0 0.119 
 Basal + 0.38% Ile 50 9.9 0.198 
 Basal + 0.42% Ile 61 22.1 0.362 
 Basal + 3.0% Leu + 0.30% Ile 30 -3.8 -0.127 
 Basal + 3.0% Leu + 0.34% Ile 31 -2.3 -0.074 
 Basal + 3.0% Leu+ 0.38% Ile 36 -1.3 -0.036 
 Basal + 3.0% Leu + 0.42% Ile 46 8.6 0.187 
     
  Calvert et al., 1982 Basal (Corn Starch-AA's diet, 1.2% leu, 0.6% Ile and 0.82% Val) 21 9.75
a
 0.464
a
 
 Basal + 5% Leu 18 7.18
b
 0.399
b
 
 Basal + 0.2% Ile + 0.2% Val 21 9.92
a
 0.472
a
 
 Basal + 5% Leu + 0.2% Ile + 0.2% Val 20 9.38
a
 0.469
a
 
     
  Calvert et al., 1982, forced feed Basal (Corn Starch-AA's diet, 1.2% Leu, 0.6% Ile and 0.82% Val) 22 9.63 0.448 
 Basal + 5% Leu, forced feed 22 8.73 0.406 
Pigs     
  Oestemer and Hanson, 1973 Basal (Corn-AA's diet, 0.70% Leu) 537 290 0.540 
  6 kg pigs Basal + 0.78% Leu 578 289 0.500 
 Basal + 0.86% Leu 504 247 0.490 
 Basal + 0.94% Leu 538 269 0.500 
 Basal + 1.02% Leu 502 261 0.520 
     
  Henry et al., 1976 
Basal (Corn-Fish meal diet, 0.64% Leu, 0.38% Ile, and 0.54% 
Val) 1660 566 0.341 
  20 kg pigs Basal + 0.1% Ile 1680 587 0.349 
 Basal + 0.56% Leu 1620 565 0.349 
 Basal + 0.56% Leu + 0.1% Ile 1660 595 0.358 
a, b 
Within a study, means with different superscripts are different (P < 0.05). 
*Where no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 7, Continuation    
    Growth performance 
Reference Treatments* ADFI g/day ADG g/day G:F g/g 
  Taylor et al., 1984 Basal (Barley-Blood meal diet, 1.34% Leu and 0.38% Ile) 1620 629
ab
 0.520
a
 
  25 kg pigs Basal + 0.07% Ile 1600 652
bc
 0.520
b
 
 Basal + 0.7% Leu 1640 606
a
 0.520
c
 
 Basal + 0.7% Leu + 0.07% Ile 1600 659
c
 0.520
b
 
     
  Edmons and Baker, 1987 Basal (C-25% SBM diet) 822
a
 525
a
 0.639
a
 
  8 kg pigs Basal + 1% leu 804
a
 502
a
 0.623
a
 
 Basal + 2% leu 818
a
 538
a
 0.658
a
 
 Basal + 4% leu 810
a
 519
a
 0.641
a
 
 Basal +6% leu 638
b
 350
b
 0.547
b
 
     
  Gatnau et al., 1995 
Basal (Wheat-Oat-Whey-fish meal diet,1.12% Leu, 0.68 Ile, and 
0.76% Val) 801 455 0.572 
  6.5 kg pigs Basal + 1.12 Leu 773 433 0.561 
     
  Gatnau et al., 1995 Basal (C-Whey-SBM diet,1.56% Leu, 0.79 Ile, and 0.89% Val) 577
a
 431
a
 0.751 
  6.5 kg pigs Basal + 1.12 Leu 414
b
 313
b
 0.762 
     
  Cysneros et al., 1996 Basal (C-7.1% SBM, 1.03% Leu) 3450 1107 0.320 
  75 kg pigs Basal + 2% Leu 3160 1018 0.330 
     
  Hyun et al., 2003 Basal (C-15% SBM, 1.35% Leu) 2890
a
 930
a
 0.320 
70 kg pigs Basal + 2.1% Leu 2750
b
 829
b
 0.300 
     
  Hyun et al., 2007 Basal (C-10% SBM, 1.25% Leu) 4180 1110 0.265 
  70 kg pigs Basal + 1% Leu 4380 1200 0.275 
 Basal + 2% Leu 4130 1117 0.284 
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
*Where no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 7, Continuation    
    Growth performance 
Reference Treatments* ADFI g/day ADG g/day G:F g/g 
  Fu, 2005 Control (C-8.4% SBM diet, 0.91% Leu and 0.42% Val) 3593
a
 1111
a
 0.330
a
 
  96 kg pigs Control + 0.29% Val + 0.42% Leu 3346
ab
 1041
b
 0.311
a
 
 SDBC (1.32% Leu and 0.67% Val) 3073
b
 0.879
c
 0.287
b
 
     
  92 kg pigs Control (C-3% SBM, 0.93% Leu and 0.37% Val) 3962
ab
 1104
ab
 0.279 
 Control + 0.21% Leu + 0.14% Val 4056
a
 1158
a
 0.286 
 Control + 0.41% Leu + 0.29% Val 3765
abc
 1047
abc
 0.278 
 Control + 0.62% Leu + 0.43% Val 3645
bc
 996b
c
 0.273 
 Control + 0.41% His + 0.29 Phe 3581
c
 945
c
 0.264 
 SDBC (1.33% Leu and 0.65% Val) 3625
bc
 931
c
 0.257 
     
  93 kg pigs Control (C-3% SBM, 0.93% Leu, 0.28% Ile, and 0.37% Val) 3583
ab
 1058
ab
 0.295
ab
 
 Control + 0.41% Leu 3299
bc
 870
c
 0.264
c
 
 Control + 0.41% Leu + 0.29% Val 3512
abc
 999
abc
 0.284
abc
 
 Control + 0.41% Leu + 0.29% Val + 0.26% His + 0.20 Phe 3141
c
 891
bc
 0.275
bc
 
 Control + 0.41% Leu + 0.29% Val + 0.26% His + 0.20 Phe + 0.04% Ile 3744
a
 1159
a
 0.309
a
 
  SDBC (1.33% Leu and 0.65% Val) 3509
abc
 1030
abc
 0.292
abc
 
a, b, c 
Within a study, means with different superscripts are different (P < 0.05). 
* Where no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 8. Overview of the experiments using high leucine diets and their impact on plasma free amino acids 
    Plasma AA level, nmoles/100 ml 
Reference Treatments* Gly Val Met Ile Leu Tyr Phe Lys Arg 
Rats           
  Block and Harper, 1985 
Control (C-Casein diet, 0.9% Leu, 
0.06 Ile, and 0.7% Val) - 166 2195 - - - - - - 
 C + 5% Leu - 117 67 - - - - - - 
 C + 5% Ile - 175 67 - - - - - - 
Chicks           
  Hargrove et al., 1988 
Basal (Corn starch-7% casein diet, 
0.2% Leu) - 131
a
 116 51
a
 91
a
 36
a
 72
a
 - - 
 Basal + 5% Leu - 81
b
 102 40
b
 533
b
 27
b
 64
b
 - - 
           
  Demello and Lewis, 1970 
Basal (C-17% nut meal; 1.4% Leu, 
0.64% Ile, and 0.83% Val) 432 157 78 51 122 171 80 669 169 
 Basal + 1.5% Leu 630 107 148 79 377 216 138 913 236 
 Basal + 0.35% Ile 728 117 170 113 202 195 132 738 330 
 Basal + 0.35% Val 309 178 55 75 128 159 88 482 188 
 Basal + 1.5% Leu + 0.35% Ile 735 93 89 106 405 167 102 758 275 
 Basal + 1.5% Leu + 0.35% Val 466 145 66 74 152 152 108 614 178 
Pigs           
  Oestemer and Hanson,  1973 Basal (Corn-AA's diet, 0.70% Leu) - 583 - 286 267 - - - - 
  6 kg pigs Basal + 0.78% Leu - 273 - 114 442 - - - - 
 Basal + 0.86% Leu - 312 - 87 567 - - - - 
 Basal + 0.94% Leu - 202 - 79 642 - - - - 
 Basal + 1.02% Leu - 272 - 73 873 - - - - 
           
  Henry et al., 1976 
Basal (Corn-Fish meal diet, 0.64% 
Leu, 0.38% Ile, and 0.54% Val) 783 362 131 153 176 88 83 653 55 
  16 kg pigs Basal + 0.1% Ile 637 330 182 221 151 75 60 694 44 
 Basal + 0.56% Leu 394 137 110 71 241 60 55 621 36 
 Basal + 0.56% Leu + 0.1% Ile 441 161 118 115 235 82 77 518 80 
a, b 
Within a study, means with different superscripts are different (P < 0.05). 
*Where no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 8. Continuation           
    Plasma AA level, nmoles/100 ml 
Reference Treatments* Gly Val Met Ile Leu Tyr Phe Lys Arg 
  Edmons and Baker, 1987 Basal (C-25% SBM diet) - 310 - 163 254 - - - - 
  8 kg pigs Basal + 1% leu - 214 - 102 274 - - - - 
 Basal + 2% leu - 201 - 103 325 - - - - 
 Basal + 4% leu - 152 - 77 382 - - - - 
 Basal + 6% leu - 155 - 73 612 - - - - 
           
  Langer et al., 2000 Control (C-Casein diet) - 3.55 18 120 216 - - - - 
  30 kg gilts Basal + Leu (50% over the NRC req.) - 2.27 13 73 345 - - - - 
 
Basal + all BCAA (50% over the 
NRC req.) - 5.3 23 222 369 - - - - 
 Basal + 0.86% Leu - 284  225 554 - - - - 
 Basal + 0.94% Leu - 260  189 632 - - - - 
 Basal + 1.02% Leu - 241  171 827 - - - - 
           
  Taylor et al., 1984 Basal (1.34% Leu and 0.38% Ile) - 435 41 78 157 78 85 - 171 
  25 kg pigs Basal + Ile (1.34% leu and 0.45 Ile) - 384 49 112 140 63 63 - 142 
 
Basal + Leu (2.04% Leu and 0.38% 
Ile) - 143 53 25 339 57 55 - 138 
 
Basal + Leu + Ile (2.04% Leu and 
0.45% Ile) - 197 47 56 285 51 58 - 144 
           
Gatnau et al., 1995 
Basal (Wheat-Oat-Whey-fish meal 
diet, 1.12% Leu, 0.68 Ile, and 0.76% 
Val) - 437
a
 - 331
a
 427
a
 - - - - 
6.5 kg pigs Basal + 1.12 Leu - 225
b
 - 162
b
 705
b
 - - - - 
  -  -   - - - - 
Gatnau et al., 1995 
Basal (C-Whey-SBM diet, 1.56% 
Leu, 0.79 Ile, and 0.89% Val) - 275
a
 - 296
a
 451
a
 - - - - 
6.5 kg pigs Basal + 1.12 Leu - 180
b
 - 504
b
 711
b
 - - - - 
a, b 
Within a study, means with different superscripts are different (P < 0.05). 
*Where no superscripts are presented, there were no differences (P > 0.05) between treatments 
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Table 8. Continuation           
    Plasma AA level, nmoles/100 ml 
Reference Treatments* Gly Val Met Ile Leu Tyr Phe Lys Arg 
  Fu, 2005 
Control (3% SBM, 0.93% Leu and 
0.37% Val) - 195 - 682 313 - 123 - - 
  92 kg pigs Control + 0.21% Leu + 0.14% Val - 397 - 412 400 - 117 - - 
 Control + 0.41% Leu + 0.29% Val - 561 - 446 487 - 121 - - 
 Control + 0.62% Leu + 0.43% Val - 689 - 364 534 - 133 - - 
 Control + 0.41% His + 0.29 Phe - 503 - 391 419 - 189 - - 
  SDBC (1.33% Leu and 0.65% Val) - 542 - 313 441 - 186 - - 
*Values of amino acids are expressed as a % in as-fed basis          
53 
 
CHAPTER II: Effects of dietary inclusion level of two corn co-products [distillers dried 
grains with solubles (DDGS) and high-protein distillers dried grains (HP-DDG)] on the 
growth performance and carcass characteristics of wean-to-finish pigs 
Abstract 
The objective of this experiment was to evaluate the combined effect of dietary levels of DDGS 
and HP-DDG on the growth performance of wean-to-finish pigs, and carcass and pork quality 
characteristics. A RCBD was used with a 3 x 4 factorial arrangement of dietary treatments: 1) 
HP-DDG inclusion level (0, 10, 20 and 30%) and 2) DDGS inclusion level (0, 15 and 30%). 
Diets were formulated to meet or exceed NRC (1998) recommendations. Six replicates with a 
total of 2,448 pigs, housed in mixed-gender pens (barrows and gilts) of 34 were used. The 
growth evaluation was carried out from weaning (5.9 ± 0.10 kg) to wk 20 post-weaning (107.6 ± 
6.86 kg); pigs were sent for harvest when the mean pen BW was 123.8 ± 1.48 kg to a 
commercial plant where carcass measurements were taken. A subsample of 2 barrows and 1 gilt 
from each pen were selected for belly and loin quality evaluation. There were treatment 
interactions (P < 0.05) for ADG and ADFI. For the 0% HP-DDG diet, there was no effect of 
DDGS inclusion level on ADG or ADFI; however, for other HP-DDG inclusion levels, ADG and 
ADFI were linearly reduced with increasing DDGS level with the magnitude of the reduction 
increasing with HP-DDG inclusion level. There was no effect (P > 0.05) of either HP-DDG or 
DDGS inclusion level on G:F. Increasing the dietary level of both HP-DDG and DDGS was 
associated with linear reductions (P < 0.05) in carcass yield (from 75.1 to 73.5 and 74.9 to 73.2, 
for HP-DDG and DDGS respectively), Longissimus muscle depth from (6.46 to 5.98 and 6.29 to 
6.14, for HP-DDG and DDGS respectively), and belly flop distance (from 23.9 to 17.6 and 22.6 
to 19.0, for HP-DDG and DDGS respectively). These results suggest that DDGS can be included 
at up to 30% in diets (without HP-DDG) without compromising growth performance of wean-to-
finish pigs.  However, growth performance was increasingly compromised at higher inclusion 
levels of both co-products and belly firmness was negatively affected by increasing levels of 
both DDGS and HP-DDG. 
Key Words: pigs, growth, DDGS, high protein DDG. 
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Introduction 
The recent demand for corn as a substrate for ethanol production has resulted in inflated 
corn prices, and associated increased feed costs and low income for swine producers (Cromwell 
et al., 2009).  The resulting co-product of ethanol production (dried distillers grains with solubles 
[DDGS]) has become widely used in swine diets.  However, practical inclusion rates are 
restricted to relatively low levels because of potential problems with reduced growth 
performance, lower carcass yield, and soft fat in the carcass of pig (Whitney et al., 2004 and 
2006a,b; Widmer et al., 2008; Cromwell et al., 2009). 
Advancements in corn milling and fractionation processes have resulted in an increasing 
number of co-products, some of which could be included at higher levels in swine diets without, 
in theory, the negative effects described above.  One of such products is high-protein distiller’s 
dried grain (HP-DDG) (Poet Nutrition™, Sioux Falls, SD).  The process used to produce this 
product (BFRAC™) dehulls and degerms the corn before it enters the fermentation process, 
resulting in a product that contains a higher percentage of protein (> 40%) but a lower percentage 
of fat, acid detergent fiber, neutral detergent fiber, and phosphorus than DDGS. 
Although HP-DDG has been characterized for nutritional content (Widmer et al., 2007), 
only a few studies have been carried out with growing-finishing pigs to investigate the impact of 
HP-DDG on growth, carcass, and meat quality characteristics (Widmer et al., 2008; Puls et al., 
2009).  Recently, Puls et al. (2009) investigated the effect of dietary inclusion level of HP-DDG 
of up to 30% on pig growth performance, and carcass and pork quality characteristics.  The 
results of this study showed that there was no negative effect on animal performance or carcass 
and pork quality by including HP-DDG at up to 20% of the diet.  However, compared to the 
control treatment (corn-soybean meal base diet), pigs fed diets with 30% HP-DDG had reduced 
growth performance (12% lower), and increased (90% higher) morbidity and mortality levels 
compared to pigs fed diets with 20% or less HP-DDG.  Additionally, there have been no 
published studies that have investigated the combined effects of DDGS and HP-DDG.  Therefore 
the objective of this study was to evaluate the effect of combined dietary inclusion levels of 
DDGS and HP-DDG on pig growth performance, mobidity and mortality, and carcass and pork 
quality characteristics. 
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Materials and Methods 
This study was carried out at the Georgia Technology Center of The Maschhoffs located 
near Carlyle, IL.  This is a standard commercial wean-to-finish facility that is equipped with state 
of the art equipment to collect data on growth performance and feed intake under typical 
commercial conditions.  The experimental protocol for this study was approved by the University 
of Illinois Institutional Animal Care and Use Committee (IACUC protocol number: 09226). 
Experimental Design and Treatments 
The study was conducted as a randomized complete block design with a 3 x 4 factorial 
arrangement of dietary treatments: 1) DDGS inclusion levels (0, 15 and 30%) and 2) HP-DDG 
inclusion levels (0, 10, 20 and 30%).  Start date was used as the blocking factor.  There were 4 
blocks and 6 replicates per treatment. 
Animals 
The study involved a total of 2,448 standard commercial crossbred pigs (progeny of PIC 
359 sires mated to PIC C22 or C29 dams) that were housed in a wean-to-finish barn from 
weaning (5.85 ± 0.10 kg live weight) to 23 weeks post-weaning (123.8 ± 1.48 kg live weight).  A 
total of 72 mixed-gender pens of 34 pigs (17 barrows and 17 gilts) were allotted to achieve 6 
replications per treatment.  At weaning, pigs were sorted by gender and individually weighed, 
formed into outcome groups of 12 barrows and 12 gilts on the basis of similar body weight, and 
pigs were randomly allotted to 12 pens from within outcome groups.  This process was repeated 
until there were 12 pens with 17 barrows and 17 gilts per pen.  Pens were then randomly allotted 
to dietary DDGS and HP-DDG treatments and immediately started on test. 
Housing 
The study was carried out in a standard commercial wean-to-finish building that was 
curtain sided and had tunnel ventilation for control of ambient temperature.  The building had a 
fully-slatted concrete floor and a deep manure pit; pen divisions were of horizontal steel bars.  
The temperature was set at 27.2°C for the first 6 days, and reduced by 0.3°C per day until it 
reached 22.8°C, where it was held at 22.8°C for 6 days, and reduced by 0.3°C per day until it 
reached 18.3°C, where it was held constant throughout the remainder of the study period.  Air 
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temperature in the building was maintained throughout the study period using thermostatically 
controlled heaters and fan ventilation.  Each pen was equipped with a standard 5-space wet-dry 
feeder and two cup-type water drinkers.  Feed and water were available ad libitum throughout 
the study period.  The floor space was 0.62 m
2
/pig for all treatments.  Individual body weight 
measurements were taken at the beginning and at the end of the experimental period.  Pen 
weights were taken at the beginning of the experiment and every 2 weeks during the study.  All 
feed additions and the feed remaining in the feeder were recorded at the time of pig weighing 
and were used to calculate average daily feed intake, average daily gain, and gain:feed ratio. 
Animals that died during the study or became morbid and had to be removed from the 
study were weighed and the date, weight, and possible cause of the morbidity or mortality were 
recorded using the following categories: 
1. Respiratory disease = PRRS, pneumonia, influenza, and thumping 
2. Gastrointestinal disease = ileitis, hemorrhagic bowel, obstructed bowel, and 
ulcers 
3. Other disease = streptococcus swis and greasy pig (staphylococcus hyicus) 
4. Injury = broken bones, cannibalism, abscesses, and swollen joints 
5. Structural defects = broken top, leg soundness issues, and spraddle legs 
6. Hernia = scrotal and umbilical hernias 
7. Emaciation = fall out, anorexia, and general unthriftiness  
8. NANI = downers and stress related issues 
9. Other 
When an animal was removed from the pen, the pen floor space was reduced accordingly 
using metal gates to maintain the same floor space per pig throughout the study period. 
Diet Preparation and Feeding 
All diets were formulated to meet or exceed the requirements of pigs across the weight 
range used in this study.  During the study period, an 8-phase dietary feeding program was used, 
with diets containing the factorial combination of 0, 15, or 30% DDGS and 0, 10, 20, or 30% 
HP-DDG dietary inclusion levels.  
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Nursery III (fed from 3 to 5 kg live weight). 
Nursery IV (fed from 5 to 11 kg live weight). 
Grow-Finish I (fed from 11 to 18 kg live weight). 
Grow-Finish II (fed from 18 to 45 kg live weight). 
Grow-Finish III (fed from 45 to 68 kg live weight). 
Grow-Finish IV (fed from 68 to 95 kg live weight). 
Grow-Finish V (fed from 95 to 109 kg live weight). 
Grow-Finish VI (fed from 109 to 125 kg live weight). 
Diets were formulated with Big River Resources DDGS (West Burlington, IA), and 
POET Nutrition HP-DDG sources (Coon Rapids, IA) (Table 9).  All diets were formulated to the 
same standardized ileal digestible (SID) lysine:calorie ratio for all dietary phases, but dietary 
energy varied with increasing HP-DDG and (or) DDGS level.  The HP-DDG and DDGS ME 
value (3.618 and 3.246 Mcal/kg) used in diet formulation was 109 and 97%, respectively, of the 
ME value of corn (3.330 Mcal/kg).  In addition, the soybean meal energy value used in diet 
formulation was 3.380 Mcal/kg.  Digestible levels of all essential amino acids were at or above 
their ideal ratio relative to true digestible lysine for finishing pigs (Baker, 1993).  For all other 
nutrients, diets were formulated to meet or exceed the recommendations of NRC (1998).  All 
experimental diets were manufactured at the Pittsfield Mill of The Maschhoffs.  Fed was in meal 
form and was feed through a 2-tube-dry feeder/pen.  Diet formulations and calculated and 
analyzed composition are presented in Tables 10 to 17. 
Harvest and Carcass and Meat Quality Measurements 
Growth rates and week 20 weights were particularly low for the two diets including 30% 
HP-DDG and either 15% or 30% DDGS.  Consequently, these two treatments were terminated at 
week 20 of study and growth performance was summarized up to week 20 only.  For the other 
treatment combinations, intact pens were taken off test and sent for harvest when the pen mean 
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reached 124.0 ± 1.48 kg live weight.  The pigs were weighed individually prior to being loaded 
onto the trailer (harvest live weight).  They were shipped on the day of harvest and allowed a 
period in lairage of at least 3 hours prior to harvest which was carried out using standard 
procedures.  Two barrows and one gilt with live weights closest to the pen mean at week 20 post-
weaning were selected for belly and loin quality evaluation.  When a pen was marketed, these 3 
pigs remained at the farm and were transported with the pigs from the other pens that were 
selected for quality evaluation.  Pigs were transported for harvest on a standard trailer (with 165 
pigs/load) to Cargill Meat Solutions in Beardstown, IL. 
Carcass grading measurements were taken on the slaughter line including hot carcass 
weight, and Fat-O-Meater
®
 backfat thickness and Longissimus (loin) muscle depth, and from 
which, predicted carcass lean content was estimated using the equation of NPPC (1999).  
Following harvest, the carcasses of the pigs selected for meat quality evaluation were held in a 
chiller (at 4°C) overnight.  On the day following harvest, the carcasses were cut and the 
Longissimus (loin) muscle was obtained.  Subjective scores for muscle color (1 = extremely pale 
to 6 = extremely dark), firmness (1 = extremely soft to 5 = extremely firm), and marbling (1 = 
1% intramuscular fat to 10 = 10% intramuscular fat) were taken on the cut surface of the 
Longissimus muscle (NPPC, 1991; 1999).  The bellies were removed from the carcass and 
trimmed by removing spareribs, teat line and excess flank muscle from the ham end.  Bellies 
were weighed, belly length was measured from the cranial to caudal end of each belly, and belly 
width was measured from the dorsal to ventral edge of each belly at three locations (at 
approximately 25%, 50% and 75% of the length) and then averaged.  Belly thickness was 
measured at eight locations along the length of the bellies and then averaged.  Belly flop distance 
was measured by suspending the belly lengthwise over a stainless steel rod with the skin side 
down and measuring the distance from skin surface to skin surface (Leick et al., 2010). 
Fatty Acid Analysis 
Subcutaneous fat samples were taken from the anterior dorsal end of the belly from the 
subsample of 3 pigs used for meat quality measures.  Fatty acid profile analysis was carried out 
using a gas chromatograph equipped with a flame ionization detector as described by Gatlin et al. 
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(2002).  Iodine values were calculated from the fatty acid profiles using the following equation 
(AOAC, 1998): 
Iodine value = C16:1 (0.95) + C18:1 (0.86) + C18:2 (1.732) + C18:3 (2.616) + C20:1 
(0.785) + C22:1 (0.723). 
Statistical Analysis 
The pen was used as the experimental unit for growth and carcass measurements taken on 
all animals and the individual pig was used as the experimental unit for the carcass and meat 
quality measures collected on the subsample of pigs.  All variables were checked for normality 
using the PROC UNIVARIATE procedure of SAS (SAS Institute Inc., Cary, NC).  Those 
meeting the criteria for analysis of variance were analyzed using the PROC MIXED procedure of 
SAS.  The model used included the fixed effects of DDGS and HP-DDG dietary treatments and 
the two way interaction, and the random effects of block (date of start), and replicate nested 
within block.  The LSMEANS procedure was used to estimate mean values, and the PDIFF 
option was used to separate treatment means.  Orthogonal contrasts were used to test linear and 
quadratic responses to the level of each test ingredient.  Mortality and morbidity data was 
evaluated by using the PROC RANK procedure of SAS. 
Results and Discussion 
Ingredient Composition 
A summary of the chemical composition of the major ingredients used in this experiment 
is presented in Table 1.  Mycotoxin analysis showed deoxynivalenol (DON) levels of 0.80, 1.15 
and 2.22 ppm for Corn, HP-DDG, and DDGS respectively.  Consequently dietary DON levels 
increased from 0.7 to 1.4 ppm, (Tables 10 to 17) with increasing inclusion levels of both HP-
DDG and DDGS.  Deoxynivalenol is an inhibitor of protein synthesis and causes feed refusals, 
nausea, vomiting, immunosuppression, and loss of productivity (Yu et al., 2008).  In pigs, a 
reduction in growth performance has been reported in a number of studies that fed diets 
contaminated with DON (average levels of 2.8 ppm) (Cote et al., 1985; Pollman et al., 1985; 
Bergsjio et al., 2003; Smith et al., 1997; Dersjant et al., 2003; Swamy et al., 2003; Chaytor et al., 
2011).  Moreover, a reduction in feed intake has been reported in pigs fed diets contaminated 
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with 1.7 ppm of DON (Bergsjio et al., 2003).  In the present experiment, the highest level of 
DON was 1.4 ppm, which is below the value reported by Bergsjio et al. (1993) to have a 
negative effect on feed intake. 
Growth Performance 
Least-squares means for the effect of dietary treatment on the growth performance of pigs 
fed the experimental diets are presented in Table 18.  Overall, from start to week 20 of study, 
there were treatment interactions (P < 0.05) for BW at week 20, ADG, ADFI, and coefficient of 
variation (CV) in live weight at week 20.  In general, for the 0% HP-DDG diet; there was no 
effect (P > 0.05) of DDGS inclusion level on BW at week 20, ADG, or ADFI.  However, for the 
diets with 10, 20 and 30% HP-DDG, BW at week 20, ADG and ADFI were linearly reduced (P 
< 0.05) with increasing DDGS level with the magnitude of reduction increasing with HP-DDG 
inclusion level.  There was no effect (P > 0.05) of either HP-DDG or DDGS inclusion level on 
G:F ratio.  As a consequence of the reduction in growth performance, increasing the level of 
DDGS from 0 to 30% increased (P < 0.05) days to market, with this effect increasing in 
magnitude with increasing levels of HP-DDG (from 153 in the control diet to 170 days for the 
diet 20% HP-DDG containing 30% DDGS).  For the 0% and 10% HP-DDG treatments, there 
was no effect of increasing DDGS levels on the CV in weight at week 20; however, for the 20% 
and 30% HP-DDG treatments, increasing the level of DDGS in the diet was associated with 
increases in the CV in live weight at week 20.  There was no effect of either HP-DDG or DDGS 
inclusion level on morbidity and mortality levels (Tables 21). 
Although a number of studies have reported on the independent effects of DDGS and HP-
DDG on pig growth performance, no research to date has tested the combined effects of these 
two ingredients in pig diets.  The results of the present study showed an interaction between HP-
DDG and DDGS that resulted in a reduction in growth performance with increasing levels of 
both co-products.  By design, as HP-DDG and DDGS inclusion levels increased, dietary crude 
protein, neutral detergent fiber (NDF), and leucine levels also increased. Therefore, it is possible 
that the reduction in growth performance may be a result of dietary excesses of crude protein, 
NDF, and/or imbalances in amino acids (Campbell et al 1984; Noblet et al., 1987; Goerl et al., 
1995; Chen et al., 1999; Su et al., 2004). 
61 
 
 
In the present experiment, crude protein levels increased by 57% as HPDDG and DDGS 
were increased from 0% in the control diet to the diet with 30% inclusion levels of both co-
products (from16 to 25.1% crude protein).  According to Noblet et al. (1987) and Su et al. (2004) 
excessive levels of crude protein require extra energy to break down and excrete the excess of 
amino acids, which may reduce ADFI and ADG in growing-finishing pigs (Campbell et al., 
1984; Goerl et al., 1995; Chen et al., 1999).  Interestingly, in most of the studies where poorer 
performance of pigs fed diets with increasing levels of HP-DDG and DDGS were reported, the 
diets also contained higher levels of crude protein than the control diets.  Therefore, the effect of 
feeding increasing amounts of HP-DDG and DDGS levels are confounded with crude protein 
level, and it may not be possible to determine if the poorer performance is a result of the 
inclusion of DDGS per se or because of the excess of dietary crude protein. 
Dietary leucine levels in HP-DDG were 1.5 times higher than those in soybean meal, and 
DDGS leucine levels were 4.0 times higher than corn, therefore, in this study leucine levels 
increased from 1.21% in the control diet (0% HP-DDG / 0% DDGS), to 2.64% in the diet with 
30% inclusion levels of both ingredients.  In pigs, the effects of dietary leucine excesses are not 
well-established.  In general, studies that have fed growing pigs leucine levels from 0.7 to 1.8% 
have shown no effects on feed intake and growth performance (Oestemer et al., 1973; Oestemer 
et al., 1975; Henry et al., 1976; Langer et al., 2000a,b).  In contrast, Taylor et al. (1984) fed 
leucine levels of up to 2.4% to growing pigs (25 kg BW), and reported a reduction in growth 
performance.  In finishing pigs (70 kg BW), Hyun et al. (2003) fed diets with 1.35 and 3.35% 
leucine levels, and showed reductions of 5% in feed intake and 11% in daily gain for the pigs fed 
the highest leucine level.  In contrast, Cysneros et al. (1996) and Hyun et al. (2007) fed leucine 
levels from 1.0 to 3.0%, and did not report any negative effects on feed intake and growth 
performance.  These contradictory responses to high dietary leucine levels are difficult to 
explain; however, they may be related to the protein level and ingredients included in the diets 
(Baker, 2004 and 2005).  For example, in rats, Sauberich (1961) showed that 5% of supplemental 
leucine depressed growth only when added to a diet containing 6% casein but not in a diet with 
34% of casein.  In pigs, studies that have used low dietary inclusion levels of soybean meal (7% 
or below) have reported consistent reductions in growth performance (Taylor et al., 1984; Hyun 
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et al., 2003). 
Dietary NDF content in HP-DDG and DDGS were 2.2 and 2.7 times, respectively, higher 
than corn respectively, as a result, dietary NDF levels increased from 6.7% to 17.0% as HP-DDG 
and DDGS were increased from 0% in the control diet to the diet with 30% inclusion levels of 
both co-products.  A number of studies have reported a reduction in the digestibility of starch, 
crude protein, amino acids, dry matter, and other nutrients with increasing dietary fiber content 
(Lenis et al., 1999; Urriola and Stein, 2010).  Therefore, the reduced growth performance of pigs 
fed increasing amounts of HP-DDG and DDGS may be due, in part, to a reduction in nutrient 
digestibility because the higher NDF content. 
Carcass and Meat Quality Characteristics 
The combined effects of HP-DDG and DDGS inclusion levels on carcass and meat 
quality characteristics are summarized in Table 19.  Harvest live body weight and hot carcass 
weight were not affected (P > 0.05) by dietary treatment.  However, increasing the level of HP-
DDG but not of DDGS in the diet was associated with reductions (P < 0.05) of 1.4% in carcass 
yield, for pigs fed 0% HP-DDG compared with pigs fed 20% HP-DDG, respectively.  This result 
is in disagreement with a number of studies where pigs fed diets containing increasing levels of 
HP-DDG (from 0 to 30% inclusion levels) had no effect on carcass yield (Widmer et al., 2008; 
Puls et al., 2009).  In the present study, there was no effect of DDGS levels on carcass yield 
which is in accordance with the studies conducted by Fu et al. (2004) and Widmer et al. (2008) 
where carcass yield was similar between pigs fed diets containing 20 and 30% DDGS levels 
respectively.  In contrast, Whitney et al. (2006) and Xu et al (2010) reported a 2% reduction in 
dressing percentage of pigs fed 30% DDGS levels.  The reason for the inconsistent responses in 
carcass yield is not clear but appears to be related with time on feed and the dietary inclusion 
level between experiments.  It is possible that the dietary inclusion of DDGS as a fiber-rich 
ingredient may reduce dressing percentage because of increased gut fill and intestinal mass 
(Kennelly and Aherne, 1980; Kass et al., 1980; Pond et al., 1988 and 1989; Stein and Surson, 
2009), and increased gut cell proliferation (Gill et al., 2000), and the weight of the digesta 
(Pluske et al., 2003; Fu et al., 2004).  Additionally Noblet et al. (1997) and Su et al. (2004) 
63 
 
suggest that, at least one part of the increased dressing percentage can be attributed to an increase 
in visceral organs due to an excess of crude protein in diets containing DDGS. 
Increasing the level of HP-DDG but not of DDGS in the diet was associated with 
reductions (P < 0.05) of 7.5% in Longissimus muscle depth, and 4% in 10
th
 rib backfat depth for 
pigs fed 0% HP-DDG compared with pigs fed 20% HP-DDG, respectively.  This result is in 
disagreement with a number of studies in which pigs fed diets containing increasing levels of 
HP-DDG (from 0 to 30% inclusion levels) had no effect on 10
th
 rib back fat depth (Widmer et al., 
2008; Puls et al., 2009).  However, they also report a linear reduction in LM depth as HP-DDG 
was added to the diet.  It is possible that the dietary inclusion of HP-DDGS as a protein-rich 
ingredient may reduce Longissimus muscle depth, and 10
th
 rib backfat depth because a reduction 
in protein turnover and energy availability (Noblet et al., 1987; Su et al., 2004). 
Meat Quality Characteristics 
High protein-dried distiller grain inclusion levels had no effect (P > 0.05) on 24 h 
ultimate pH, subjective firmness, color, and marbling scores (Table 11).  DDGS inclusion levels 
have no effect (P > 0.05) on subjective color, and marbling scores, however, muscle 24 h 
ultimate pH was greater (P < 0.05) at the 30% DDGS inclusion level (5.68) compared with the 0 
and 15% DDGS inclusion levels (5.62 and 5.61, respectively).  Similarly, subjective muscle 
firmness score was 10% greater (P < 0.05) for the 0% DDGS inclusion levels than the 15 and 
30% DDGS inclusion levels.  A reduction in the muscle firmness score of pigs fed increasing 
levels of DDGS has been reported by Xu et al. (2010).  However most of the research in this area 
has reported no effect of feeding HP-DDG or DDGS levels up to 30% on meat quality 
characteristic of finishing pigs (Whitney et al., 2006; White et al., 2009; Leick et al., 2010; Yoon 
et al., 2010; Xu et al., 2010a,b). 
Belly Fatty Acid Composition and Belly Quality 
Fatty acid composition of belly fat resulting from feeding increasing levels of dietary HP-
DDG and DDGS are presented in Table 20.  In general, increasing HP-DDG or DDGS levels 
linearly increased (P < 0.05) polyunsaturated fatty acids (PUFA) content, and reduced (P < 0.05) 
saponifiable fatty acids, and monounsaturated fatty acids (MUFA) content.  As a consequence of 
this changes MUFA:PUFA ratio was reduced and iodine value was increased (P < 0.05) with 
64 
 
increasing dietary inclusion levels of DDGS and HP-DDG.  The results of the present 
experiment are similar to most of the studies that have reported the belly fatty acid composition 
of pigs fed increasing HP-DDG or DDGS levels (White et al., 2007; Azain et al., 2009; Puls et 
al., 2009; White et al., 2009; Widmer et al., 2009; Benz et al., 2010; Leick et al., 2010; Xu et al., 
2010ab).  In pigs, dietary fat inhibits de novo fatty acid synthesis, in favor of the direct 
deposition of dietary fatty acids in adipose tissue (Farnworth and Kramer, 1987; Wiseman and 
Agunbiade, 1998).  Therefore, changes of the fatty acid composition of pork fat reflect the fatty 
acid composition of the dietary DDGS or HP-DDG fed (which is relatively high in corn oil 
[~10%], unsaturated fatty acids, and linoleic acid).  Consequently, and depending on the degree 
of DDGS or HP-DDG inclusion level, increases of polyunsaturated fatty acids and reductions of 
saponifiable fatty acids, and monounsaturated fatty acids content are expected. 
Least-squares means for the effect of dietary treatment on belly quality characteristics are 
summarized in Table 19.  In general, there was a linear reduction (P < 0.05) in belly length as the 
inclusion level of HP-DDG or DDGS increased.  Similarly, belly flop distance was 22 % lower 
(5.3 cm) for the 10, 20, and 30% HP-DDG inclusion levels (P < 0.05) compared to control 0% 
HP-DDG inclusion level.  Likewise, belly flop distance was linearly reduced (P < 0.05) with 
increasing DDGS inclusion levels.  Similar results in terms of belly flop distance of pigs fed HP-
DDG or DDGS levels up to 30% have been reported in other experiments (Azain et al., 2009; 
Puls et al., 2009; Leick et al., 2010).  In these studies, belly flop distance was reduced an average 
of 35% for pigs fed dietary inclusions levels of greater than 30% HD-DDG or DDGS compared 
to pigs fed 0% DDGS.  However, the results of those studies reported no effect on belly flop 
distance of feeding pigs diets with 20% or lower DDGS inclusion levels. 
In conclusion, the results of the present experiment suggest that DDGS can be included at 
up to 30% in diets (without HP-DDG) without compromising growth performance of wean-to-
finish pigs.  However, growth performance was increasingly compromised at higher inclusion 
levels of both co-products and belly firmness was negatively affected by increasing levels of 
both DDGS and HP-DDG. 
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Tables 
 
Table 9. Chemical composition of Corn, Dried Distillers Grains with Soluble and 
High Protein Distillers Grains (as-fed basis). 
Item Corn
b
 DDGS
b
 HP-DDG
c
 
Proximate analysis, %
a
    
  Dry matter 89.0 89.7 92.66 
  Crude protein 7.12 25.37 37.23 
  Crude fat - 8.96 4.53 
  Crude fiber - 6.61 8.03 
  Acid detergent fiber 2.8 11.29 11.60 
  Neutral detergent fiber 9.6 26.26 21.10 
  Phosphorus - 0.9 0.43 
  Calcium - 0.02 0.02 
  Sodium - 0.18 0.11 
  Ash - 4.21 2.18 
  Chloride - 0.14 0.08 
Amino acid analysis (total), %    
  Lysine 0.22 0.81 1.10 
  Threonine 0.25 0.93 1.34 
  Methionine 0.16 0.50 0.75 
  Cystine 0.19 0.46 0.72 
  Methionine + Cystine 0.34 0.96 1.47 
  Arginine 0.36 1.22 1.39 
  Isoleucine 0.20 0.92 1.59 
  Leucine 0.70 2.81 5.07 
  Valine 0.33 1.22 1.94 
  Histidine 0.20 0.67 0.98 
  Alanine 0.49 1.77 2.73 
  Glutamic acid 1.16 4.19 5.81 
  Glycine 0.29 1.01 1.19 
  Aspartic acid 0.49 1.63 2.35 
  Phenylalanine 0.38 1.24 2.01 
  Proline 0.61 2.07 3.26 
  Serine 0.32 1.19 1.52 
  Tyrosine 0.22 0.80 1.50 
  Tryptophan 0.06 0.21 0.23 
Metabolizable energy, Mcal/kg
d
 3.330 3.246 3.618 
Mycotoxin levels, ppm
a
    
  DON 0.80 1.5 2.2 
  Zeralenone 0.27 0.35 0.12 
a
Midwest Laboratories.
 
b
Amino acid analysis performed at Ajinomoto Heartland for DDGS. 
c
Amino acid analysis performed at University of Missouri for HP-DDG.
 
d
Calculated ME content, Mcal/kg
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Table 10a. Diet formulation and calculated and analyzed composition: Nursery III (3 - 5 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item         DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 51.87 40.19 28.51 44.95 33.23 21.55 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soy protein concentrate 18.60 15.27 11.93 15.50 12.17 8.83 
Soybean meal 5.55 5.55 5.55 5.55 5.56 5.56 
Whey permeate 18.09 18.09 18.09 18.09 18.09 18.09 
Animal Plasma 2.50 2.50 2.50 2.50 2.50 2.50 
Salt 0.498 0.451 0.404 0.472 0.425 0.378 
Limestone, ground 0.675 0.878 1.081 0.728 0.931 1.134 
Phosphate monocalcium 21:18 0.988 0.741 0.494 0.930 0.683 0.436 
Zinc oxide 0.400 0.400 0.400 0.400 0.400 0.400 
Activate D.A. 0.300 0.300 0.300 0.300 0.300 0.300 
Unike plus Dry 0.050 0.050 0.050 0.050 0.050 0.050 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
Vitamin PMXb 0.050 0.050 0.050 0.050 0.050 0.050 
L-Lysine 0.257 0.359 0.460 0.347 0.449 0.550 
Alimet 0.038 0.029 0.019 0.032 0.022 0.013 
Mintrex Cu 0.033 0.033 0.033 0.033 0.033 0.033 
L-Tryptophan - 0.007 0.014 - 0.007 0.014 
L-Threonine - 0.009 0.019 - 0.009 0.019 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.30 - 3.28 - 3.26 - 3.30 - 3.30 - 3.28 - 
Crude Protein, % 21.20 21.8 22.18 23.1 23.16 24.4 22.84 23.9 23.83 25.4 24.81 24.9 
Crude Fat, % 2.04 2.18 3.04 2.68 4.03 4.05 2.09 2.16 3.08 3.2 4.08 4.32 
Crude Fiber, % 1.59 1.7 2.27 2.55 2.95 0.85 1.38 1.92 2.06 3.58 2.73 3.33 
NDF, % 3.94 6.67 6.88 9.26 9.81 11.6 5.79 7.76 8.73 14.2 11.66 13.2 
ADF, % 1.56 1.86 2.87 4.01 4.18 3.67 2.54 4.7 3.85 5.27 5.15 4.63 
Calcium, % 0.70 0.85 0.73 0.96 0.75 1.09 0.70 1.03 0.73 1.33 0.75 0.89 
Phosphorus, % 0.67 0.74 0.70 0.72 0.73 0.86 0.65 0.83 0.68 0.86 0.71 0.76 
Phosphorus Available, % 0.40 - 0.44 - 0.49 - 0.40 - 0.45 - 0.49 - 
Calcium:Phosphorus ratio 1.05 1.15 1.04 1.33 1.04 - 1.09 - 1.08 - 1.08 - 
Sodium, % 0.40 0.45 0.40 0.39 0.40 - 0.40 - 0.40 - 0.40 - 
Salt-NaCl, % - 1.34 - 1.29 0.46 - 0.47 - 0.46 - 0.44 - 
Total Digestible Lysine, % 1.37 - 1.36 - 1.36 - 1.38 - 1.37 - 1.36 - 
Digestible Lysine:ME, g/kcal 4.15 - 4.15 - 4.15 - 4.15 - 4.15 - 4.15 - 
Met + Cys:Lysine ratio (Dig) 0.56 - 0.57 - 0.58 - 0.61 - 0.62 - 0.63 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.57 - 0.57 - 0.57 - 0.58 - 0.58 - 0.58 - 
Isoleucine:Lysine ratio (Dig) 0.63 - 0.61 - 0.59 - 0.63 - 0.61 - 0.59 - 
Valine:Lysine ratio (Dig) 0.71 - 0.70 - 0.70 - 0.73 - 0.72 - 0.71 - 
Vomitoxin, ppm 0.41 - 0.65 - 0.89 - 0.52 - 0.76 - 1.00 - 
Zeralenone, ppm 0.14 - 0.13 - 0.11 - 0.16 - 0.14 - 0.13 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 10b. Diet formulation and calculated and analyzed composition: Nursery III (3 - 5 kg/pig body weight). 
HP-DDG inclusion level: 20 30 
Item           DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 37.96 26.28 14.60 31.00 19.32 7.64 
HP-DDG 20.00 20.00 20.00 30.00 30.00 30.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soy protein concentrate 12.40 9.07 5.73 9.30 5.97 2.63 
Soybean meal 5.56 5.56 5.58 5.56 5.56 5.56 
Whey permeate 18.09 18.09 18.09 18.09 18.09 18.09 
Animal Plasma 2.50 2.50 2.50 2.50 2.50 2.50 
Salt 0.447 0.400 0.352 0.421 0.374 0.327 
Limestone, ground 0.781 0.984 1.186 0.834 1.037 1.239 
Phosphate monocalcium 21:18 0.872 0.625 0.378 0.814 0.567 0.320 
Zinc oxide 0.400 0.400 0.400 0.400 0.400 0.400 
Activate D.A. 0.300 0.300 0.300 0.300 0.300 0.300 
Unike plus Dry 0.050 0.050 0.050 0.050 0.050 0.050 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
Vitamin PMXb 0.050 0.050 0.050 0.050 0.050 0.050 
L-Lysine 0.438 0.539 0.641 0.528 0.629 0.731 
Alimet 0.026 0.016 0.007 0.019 0.010 0.000 
Mintrex Cu 0.033 0.033 0.033 0.033 0.033 0.033 
L-Tryptophan - 0.007 0.014 - 0.007 0.014 
L-Threonine - 0.009 0.019 - 0.009 0.019 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.34 - 3.32 - 3.30 - 3.36 - 3.34 - 3.33 - 
Crude Protein, % 24.51 24.2 25.48 24.1 26.46 27.3 26.16 24 27.14 27.4 28.12 27.2 
Crude Fat, % 2.14 1.74 3.13 3.39 4.13 4.57 2.19 2.51 3.18 3.58 4.18 4.75 
Crude Fiber, % 1.17 1.93 1.84 3.34 2.52 3.75 0.96 3.23 1.63 4.4 2.31 3.98 
NDF, % 7.65 9.33 10.58 11.5 13.52 13.5 9.51 8.88 12.44 13.2 15.38 14.3 
ADF, % 3.52 3.47 4.82 4.69 6.13 5.13 4.50 4.51 5.80 5.58 7.11 6.89 
Calcium, % 0.70 1.07 0.73 1.08 0.75 1.02 0.70 1.01 0.73 1.23 0.75 1.08 
Phosphorus, % 0.62 0.81 0.65 0.70 0.68 0.76 0.60 0.71 0.63 0.76 0.66 0.61 
Phosphorus Available, % 0.41 - 0.45 - 0.50 - 0.41 - 0.46 - 0.50 - 
Calcium:Phosphorus ratio 1.13 1.32 1.13 1.54 1.12 1.34 1.18 1.42 1.17 1.62 1.16 1.77 
Sodium, % 0.40 0.50 0.40 0.46 0.40 0.50 0.40 0.46 0.40 0.52 0.40 0.38 
Salt-NaCl, % 0.45 1.35 0.43 1.20 0.41 1.32 0.42 1.27 0.41 1.22 0.39 1.30 
Total Digestible Lysine, % 1.39 - 1.38 - 1.37 - 1.40 - 1.39 - 1.38 1.39 
Digestible Lysine:ME, g/kcal 4.15 - 4.15 - 4.15 - 4.15 - 4.15 - 4.15 - 
Met + Cys:Lysine ratio (Dig) 0.66 - 0.67 - 0.68 - 0.72 - 0.73 - 0.74 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.59 - 0.59 - 0.59 - 0.61 - 0.61 - 0.61 - 
Isoleucine:Lysine ratio (Dig) 0.63 - 0.61 - 0.59 - 0.63 - 0.61 - 0.59 - 
Valine:Lysine ratio (Dig) 0.75 - 0.74 - 0.73 - 0.77 - 0.76 - 0.76 - 
Vomitoxin, ppm 0.63 - 0.87 - 1.11 - 0.74 - 0.98 - 1.22 - 
Zeralenone, ppm 0.17 - 0.16 - 0.15 - 0.19 - 0.18 - 0.16 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 11a. Diet formulation and calculated and analyzed composition: Nursery IV (5 - 11 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item         DDGS inclusion level: 0 15 30 0 15 30 
Ingredients,%             
Corn yellow 62.12 50.68 39.23 56.49 45.07 33.62 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 34.38 30.83 27.27 29.91 26.37 22.82 
Limestone, ground 0.89 1.08 1.28 0.92 1.11 1.30 
Phosphate monocalcium 21:18 0.60 0.45 0.30 0.62 0.47 0.32 
Salt 0.580 0.530 0.480 0.550 0.510 0.460 
L-Lysine 0.347 0.402 0.457 0.428 0.483 0.538 
Zn oxide 0.350 0.350 0.350 0.350 0.350 0.350 
Activate D.A. 0.300 0.300 0.300 0.300 0.300 0.300 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
L-Threonine 0.116 0.096 0.076 0.097 0.077 0.057 
Alimet 0.087 0.065 0.044 0.072 0.051 0.029 
Unike plus Dry 0.050 0.050 0.050 0.050 0.050 0.050 
Vitamin PMXb 0.050 0.050 0.050 0.050 0.050 0.050 
Total % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.27 - 3.25 - 3.23 - 3.28 - 3.27 - 3.25 - 
Crude Protein, % 20.86 21.9 22.24 23.5 23.62 24.3 22.48 22 23.87 24.6 25.25 26.1 
Crude Fat, % 1.93 1.83 3.02 3.33 4.11 4.24 2.07 2.88 3.16 3.8 4.25 4.98 
Crude Fiber, % 1.97 1.84 2.66 2.06 3.34 2.64 1.75 2.56 2.44 2.67 3.12 3.99 
NDF, % 6.54 8.06 9.27 9.78 12.01 12.8 8.19 9.17 10.93 10.6 13.66 13.9 
ADF, % 3.01 4.28 4.19 3.56 5.37 5.01 3.84 5.62 5.02 3.79 6.19 5.46 
Calcium, % 0.6 1.04 0.64 1.14 0.68 1.14 0.6 0.85 0.64 1.05 0.68 1.29 
Phosphorus, % 0.5 0.64 0.55 0.66 0.61 0.71 0.49 0.54 0.55 0.72 0.6 0.69 
Phosphorus Available, % 0.32 - 0.35 - 0.39 - 0.32 - 0.35 - 0.39 - 
Calcium:Phosphorus ratio 1.2 1.63 1.16 1.73 1.13 1.61 1.22 1.57 1.18 1.46 1.14 1.87 
Sodium, % 0.25 0.27 0.25 0.27 0.25 0.28 0.25 0.22 0.25 0.26 0.25 0.28 
Salt-NaCl, % 0.61 0.69 0.58 0.79 0.56 0.69 0.57 0.79 0.55 0.73 0.53 0.79 
Total Digestible Lysine, % 1.30 - 1.30 - 1.29 - 1.31 - 1.30 - 1.30 - 
Digestible Lysine:ME, g/kcal 4.00 - 4.00 - 4.00 - 4.00 - 4.00 - 4.00 - 
Met + Cys:Lysine ratio (Dig) 0.56 - 0.58 - 0.60 - 0.62 - 0.63 - 0.65 - 
Tryptophan:Lysine ratio (Dig) 0.17 - 0.17 - 0.17 - 0.17 - 0.17 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.60 - 0.60 - 0.60 - 0.61 - 0.61 - 0.61 - 
Isoleucine:Lysine ratio (Dig) 0.59 - 0.60 - 0.61 - 0.60 - 0.61 - 0.62 - 
Valine:Lysine ratio (Dig) 0.65 - 0.67 - 0.70 - 0.68 - 0.71 - 0.73 - 
Vomitoxin, ppm 0.50 - 0.74 - 0.98 - 0.62 - 0.86 - 1.10 - 
Zeralenone, ppm 0.17 - 0.15 - 0.14 - 0.19 - 0.17 - 0.16 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 11b. Diet formulation and calculated and analyzed composition: Nursery IV (5 - 11 kg/pig body weight).). 
HP-DDG inclusion level: 20 30 
Item         DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 50.91 39.46 28.02 45.30 33.85 22.41 
HP-DDG 20.00 20.00 20.00 30.00 30.00 30.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 25.46 21.91 18.36 21.00 17.45 13.90 
Limestone, ground 0.95 1.14 1.33 0.98 1.17 1.36 
Phosphate monocalcium 21:18 0.64 0.49 0.34 0.66 0.51 0.36 
Salt 0.530 0.480 0.430 0.500 0.450 0.400 
L-Lysine 0.509 0.564 0.619 0.590 0.645 0.700 
Zn oxide 0.350 0.350 0.350 0.350 0.350 0.350 
Activate D.A. 0.300 0.300 0.300 0.300 0.300 0.300 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
L-Threonine 0.077 0.057 0.037 0.058 0.038 0.018 
Alimet 0.058 0.036 0.015 0.044 0.022 0.000 
Unike plus Dry 0.050 0.050 0.050 0.050 0.050 0.050 
Vitamin PMXb 0.050 0.050 0.050 0.050 0.050 0.050 
Optiphos 1000 0.020 0.010 0.010 0.020 0.010 0.000 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.31 - 3.29 - 3.28 - 3.33 - 3.31 - 3.30 - 
Crude Protein, % 24.13 23.6 25.51 26.3 26.89 26.8 25.76 25.3 27.14 25.9 28.52 27.4 
Crude Fat, % 2.21 2.23 3.3 3.67 4.39 4.76 2.36 3.37 3.45 4.15 4.54 4.88 
Crude Fiber, % 1.54 2.76 2.22 3.75 2.91 3.43 1.32 2.82 2 3.01 2.69 3.38 
NDF, % 9.85 9.05 12.58 13.5 15.31 15.2 11.51 10.7 14.24 13.1 16.97 17 
ADF, % 4.67 4.44 5.85 5.79 7.02 6.21 5.5 4.89 6.68 6.71 7.86 5.71 
Calcium, % 0.6 1.3 0.64 0.7 0.68 1.08 0.6 1.32 0.64 1.03 0.68 0.84 
Phosphorus, % 0.49 0.69 0.54 0.72 0.59 0.64 0.48 0.62 0.53 0.47 0.59 0.56 
Phosphorus Available, % 0.32 - 0.35 - 0.39 - 0.32 - 0.36 - 0.39 - 
Calcium:Phosphorus ratio 1.23 1.88 1.2 0.97 1.16 1.69 1.25 2.13 1.21 2.19 1.18 1.5 
Sodium, % 0.25 0.3 0.25 0.33 0.25 0.28 0.25 0.28 0.25 0.21 0.25 0.2 
Salt-NaCl, % 0.54 0.78 0.52 0.86 0.5 0.79 0.51 0.74 0.49 0.99 0.47 0.74 
Total Digestible Lysine, % 1.32 - 1.31 - 1.31 - 1.33 - 1.33 - 1.32 - 
Digestible Lysine:ME, g/kcal 4.01 - 4.01 - 4.01 - 4.01 - 4.01 - 4.01 - 
Met + Cys:Lysine ratio (Dig) 0.67 - 0.69 - 0.71 - 0.73 - 0.75 - 0.77 - 
Tryptophan:Lysine ratio (Dig) 0.17 - 0.16 - 0.16 - 0.17 - 0.16 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.62 - 0.62 - 0.62 - 0.63 - 0.63 - 0.63 - 
Isoleucine:Lysine ratio (Dig) 0.61 - 0.62 - 0.63 - 0.63 - 0.64 - 0.65 - 
Valine:Lysine ratio (Dig) 0.72 - 0.74 - 0.76 - 0.75 - 0.77 - 0.80 - 
Vomitoxin, ppm 0.74 - 0.98 - 1.22 - 0.86 - 1.10 - 1.34 - 
Zeralenone, ppm 0.21 - 0.19 - 0.18 - 0.23 - 0.21 - 0.20 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 12a. Diet formulation and calculated and analyzed composition: Grow to Finish I (11 - 18 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 66.45 54.89 43.32 60.94 49.38 37.81 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 30.71 27.32 23.92 26.16 22.76 19.37 
Limestone, ground 0.93 1.12 1.31 0.96 1.15 1.34 
Phosphate monocalcium 21:18 0.67 0.50 0.33 0.69 0.52 0.36 
Salt 0.510 0.460 0.410 0.480 0.430 0.380 
L-Lysine 0.349 0.399 0.450 0.431 0.481 0.531 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
Alimet 0.167 0.125 0.084 0.139 0.097 0.056 
L-Threonine 0.073 0.055 0.037 0.061 0.043 0.024 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.020 0.020 0.010 0.020 0.010 0.010 
Total 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.28 - 3.26 - 3.25 - 3.30 - 3.28 - 3.27 - 
Crude Protein, % 19.37 21.7 20.82 22.1 22.27 23.3 20.97 21.7 22.42 23.1 23.87 25.9 
Crude Fat, % 2.02 2.38 3.11 3.7 4.19 5.25 2.16 3.22 3.25 3.99 4.33 5.01 
Crude Fiber, % 1.93 1.94 2.62 2.43 3.31 3.93 1.71 1.53 2.4 3.12 3.09 3.22 
NDF, % 6.6 7.66 9.33 10.6 12.06 14 8.25 7.62 10.98 12.7 13.71 15.2 
ADF, % 2.97 3.31 4.15 3.33 5.33 4.58 3.8 4.17 4.98 4.25 6.16 4.86 
Calcium, % 0.6 0.86 0.63 0.88 0.67 0.74 0.6 0.69 0.63 0.8 0.67 0.8 
Phosphorus, % 0.5 0.66 0.55 0.65 0.6 0.7 0.49 0.56 0.54 0.66 0.6 0.66 
Phosphorus Available, % 0.3 - 0.34 - 0.38 - 0.3 - 0.34 - 0.38 - 
Calcium:Phosphorus ratio 1.2 1.3 1.16 1.35 1.13 1.06 1.22 1.23 1.18 1.21 1.14 1.21 
Sodium, % 0.22 0.23 0.22 0.2 0.22 0.23 0.22 0.19 0.22 0.2 0.22 0.19 
Salt-NaCl, % 0.53 0.71 0.5 0.64 0.48 0.63 0.5 0.61 0.47 0.76 0.45 0.61 
Total Digestible Lysine, % 1.22 - 1.21 - 1.21 - 1.23 - 1.22 - 1.22 - 
Digestible Lysine:ME, g/kcal 3.72 - 3.72 - 3.72 - 3.72 - 3.72 - 3.72 - 
Met + Cys:Lysine ratio (Dig) 0.56 - 0.57 - 0.57 - 0.61 - 0.62 - 0.62 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.57 - 0.57 - 0.58 - 0.58 - 0.59 - 0.59 - 
Isoleucine:Lysine ratio (Dig) 0.59 - 0.60 - 0.61 - 0.60 - 0.61 - 0.62 - 
Valine:Lysine ratio (Dig) 0.65 - 0.68 - 0.70 - 0.69 - 0.71 - 0.74 - 
Vomitoxin, ppm 0.53 - 0.77 - 1.01 - 0.65 - 0.89 - 1.13 - 
Zeralenone, ppm 0.18 - 0.17 - 0.15 - 0.20 - 0.19 - 0.17 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 12b. Diet formulation and calculated and analyzed composition: Grow to Finish I (11 - 18 kg/pig body weight). 
HP-DDG inclusion level: 20 30 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 55.43 43.87 32.30 49.92 38.36 26.79 
HP-DDG 20.00 20.00 20.00 30.00 30.00 30.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 21.61 18.21 14.81 17.05 13.65 10.26 
Limestone, ground 0.99 1.18 1.37 1.02 1.21 1.40 
Phosphate monocalcium 21:18 0.71 0.55 0.38 0.74 0.57 0.40 
Salt 0.450 0.400 0.350 0.420 0.370 0.320 
L-Lysine 0.513 0.563 0.613 0.595 0.645 0.695 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
L-Threonine 0.049 0.030 0.012 0.037 0.018 0.000 
Alimet 0.111 0.070 0.028 0.084 0.042 0.000 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.010 0.010 - 0.010 0.010 - 
Total 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.32 - 3.30 - 3.29 - 3.34 - 3.33 - 3.31 - 
Crude Protein, % 22.58 22.7 24.02 24.9 25.47 24.7 24.18 23.7 25.63 24.3 27.08 24.7 
Crude Fat, % 2.31 3.33 3.39 4.56 4.48 5.32 2.45 3.57 3.54 4.53 4.62 5.06 
Crude Fiber, % 1.49 2.72 2.18 3.88 2.87 4.06 1.28 2.2 1.97 4.75 2.66 5.66 
NDF, % 9.91 10.3 12.64 13.9 15.37 15.6 11.57 10.9 14.3 16 17.03 17.1 
ADF, % 4.63 4.71 5.81 5.34 6.99 6.44 5.46 4.19 6.64 6.82 7.82 7.51 
Calcium, % 0.6 0.94 0.63 0.84 0.67 0.93 0.6 0.94 0.63 0.85 0.67 0.94 
Phosphorus, % 0.49 0.66 0.54 0.68 0.59 0.63 0.48 0.66 0.53 0.66 0.58 0.64 
Phosphorus Available, % 0.31 - 0.34 - 0.38 - 0.31 - 0.35 - 0.39 - 
Calcium:Phosphorus ratio 1.23 1.42 1.2 1.24 1.16 1.52 1.25 1.42 1.21 1.29 1.18 1.47 
Sodium, % 0.22 0.3 0.22 0.19 0.22 0.2 0.22 0.22 0.22 0.2 0.22 0.23 
Salt-NaCl, % 0.46 0.73 0.44 0.66 0.42 0.66 0.43 0.74 0.41 0.69 0.39 0.69 
Total Digestible Lysine, % 1.24 - 1.23 - 1.22 - 1.24 - 1.24 - 1.23 - 
Digestible Lysine:ME, g/kcal 3.72 - 3.72 - 3.72 - 3.72 - 3.72 - 3.72 - 
Met + Cys:Lysine ratio (Dig) 0.66 - 0.67 - 0.67 - 0.72 - 0.72 - 0.73 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.60 - 0.60 - 0.60 - 0.62 - 0.62 - 0.62 - 
Isoleucine:Lysine ratio (Dig) 0.61 - 0.62 - 0.63 - 0.62 - 0.63 - 0.64 - 
Valine:Lysine ratio (Dig) 0.72 - 0.75 - 0.77 - 0.76 - 0.79 - 0.81 - 
Vomitoxin, ppm 0.77 - 1.01 - 1.25 - 0.89 - 1.13 - 1.38 - 
Zeralenone, ppm 0.22 - 0.21 - 0.19 - 0.24 - 0.23 - 0.21 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 13a. Diet formulation and calculated and analyzed composition: Grow to Finish II (18 - 45 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 73.18 61.47 49.77 67.14 55.47 43.76 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 24.17 20.88 17.59 20.13 16.85 13.57 
Limestone, ground 0.880 1.080 1.280 0.910 1.110 1.310 
Phosphate monocalcium 21:18 0.560 0.420 0.280 0.580 0.440 0.300 
Salt 0.510 0.460 0.410 0.480 0.430 0.380 
L-Lysine 0.328 0.374 0.420 0.392 0.438 0.484 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
Alimet 0.129 0.097 0.065 0.107 0.075 0.043 
L-Threonine 0.090 0.068 0.045 0.075 0.053 0.030 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.020 0.020 0.010 0.020 0.010 0.010 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.28 - 3.26 - 3.25 - 3.30 - 3.28 - 3.27 - 
Crude Protein, % 16.8 18.8 18.29 19.1 19.78 19.7 18.59 19.9 20.08 21.9 21.57 20.4 
Crude Fat, % 2.15 3.23 3.23 3.69 4.3 5 2.28 3.49 3.36 4.33 4.43 4.87 
Crude Fiber, % 1.85 1.91 2.54 2.24 3.23 2.8 1.64 2.35 2.33 3.32 3.02 3.04 
NDF, % 6.63 10.6 9.35 11.1 12.08 14.2 8.28 10.3 11.01 13.7 13.73 15.00 
ADF, % 2.87 3.64 4.05 3.65 5.23 4.33 3.71 6.14 4.88 4.91 6.06 5.6 
Calcium, % 0.54 0.74 0.58 0.75 0.63 0.69 0.54 0.55 0.58 0.65 0.63 0.76 
Phosphorus, % 0.45 0.61 0.51 0.62 0.56 0.65 0.44 0.55 0.5 0.63 0.56 0.63 
Phosphorus Available, % 0.28 - 0.32 - 0.36 - 0.28 - 0.32 - 0.36 - 
Calcium:Phosphorus ratio 1.2 1.21 1.16 1.21 1.13 1.06 1.22 1 1.18 1.03 1.14 1.21 
Sodium, % 0.22 0.23 0.22 0.25 0.22 0.2 0.22 0.16 0.22 0.22 0.22 0.2 
Salt-NaCl, % 0.52 0.58 0.5 0.68 0.48 0.56 0.49 0.63 0.47 0.58 0.45 0.58 
Total Digestible Lysine, % 1.04 - 1.03 - 1.03 - 1.05 - 1.04 - 1.04 - 
Digestible Lysine:ME, g/kcal 3.17 - 3.17 - 3.17 - 3.17 - 3.17 - 3.17 - 
Met + Cys:Lysine ratio (Dig) 0.57 - 0.59 - 0.60 - 0.64 - 0.65 - 0.67 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 0.16 - 
Threonine:Lysine ratio (Dig) 0.60 - 0.60 - 0.60 - 0.62 - 0.62 - 0.62 - 
Isoleucine:Lysine ratio (Dig) 0.59 - 0.61 - 0.62 - 0.61 - 0.63 - 0.64 - 
Valine:Lysine ratio (Dig) 0.66 - 0.69 - 0.73 - 0.71 - 0.74 - 0.77 - 
Vomitoxin, ppm 0.59 - 0.82 - 1.06 - 0.70 - 0.94 - 1.18 - 
Zeralenone, ppm 0.20 - 0.18 - 0.17 - 0.22 - 0.20 - 0.19 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 13b. Diet formulation and calculated and analyzed composition: Grow to Finish II (18 - 45 kg/pig body weight). 
HP-DDG inclusion level: 20 30 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 61.16 49.45 37.75 55.15 43.44 31.73 
HP-DDG 20.00 20.00 20.00 30.00 30.00 30.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 16.11 12.83 9.54 12.09 8.80 5.51 
Limestone, ground 0.940 1.140 1.340 0.970 1.170 1.370 
Phosphate monocalcium 21:18 0.590 0.450 0.310 0.610 0.470 0.330 
Salt 0.450 0.400 0.350 0.420 0.370 0.320 
L-Lysine 0.456 0.502 0.548 0.521 0.567 0.613 
Trace minerala 0.100 0.100 0.100 0.100 0.100 0.100 
L-Threonine 0.060 0.038 0.015 0.045 0.023 - 
Alimet 0.086 0.054 0.022 0.065 0.032 - 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.010 0.010 - 0.010 0.010 - 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.32 - 3.30 - 3.29 - 3.34 - 3.33 - 3.31 - 
Crude Protein, % 20.39 22.4 21.88 21.9 23.37 21.2 22.18 22.1 23.67 22.4 25.16 24.6 
Crude Fat, % 2.42 2.93 3.49 4.4 4.57 5.59 2.56 3.93 3.63 4.72 4.71 5.44 
Crude Fiber, % 1.43 2.54 2.12 3.5 2.81 4.09 1.22 3.88 1.91 4.09 2.6 4.09 
NDF, % 9.94 10.5 12.67 15 15.39 16.7 11.6 12.5 14.32 15.5 17.05 19.3 
ADF, % 4.54 5.8 5.72 6.24 6.9 5.73 5.38 4.45 6.56 5.53 7.74 8.88 
Calcium, % 0.54 0.69 0.58 0.63 0.63 0.61 0.54 0.61 0.58 0.61 0.63 0.78 
Phosphorus, % 0.44 0.61 0.5 0.63 0.55 0.57 0.43 0.6 0.49 0.65 0.55 0.70 
Phosphorus Available, % 0.28 - 0.32 - 0.36 - 0.28 - 0.32 - 0.36 - 
Calcium:Phosphorus ratio 1.23 1.13 1.2 1 1.16 1.07 1.25 1.02 1.21 0.94 1.18 1.11 
Sodium, % 0.22 0.21 0.22 0.21 0.22 0.18 0.22 0.22 0.22 0.22 0.22 0.22 
Salt-NaCl, % 0.46 0.64 0.44 0.64 0.42 0.54 0.43 0.59 0.41 0.54 0.39 0.58 
Total Digestible Lysine, % 1.05 - 1.05 - 1.04 - 1.06 - 1.06 - 1.05 - 
Digestible Lysine:ME, g/kcal 3.17 - 3.17 - 3.17 - 3.17 - 3.17 - 3.17 - 
Met + Cys:Lysine ratio (Dig) 0.71 - 0.72 - 0.74 - 0.78 - 0.80 - 0.81 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.17 - 0.17 - 0.17 - 
Threonine:Lysine ratio (Dig) 0.65 - 0.65 - 0.65 - 0.67 - 0.67 - 0.67 - 
Isoleucine:Lysine ratio (Dig) 0.63 - 0.65 - 0.66 - 0.66 - 0.67 - 0.69 - 
Valine:Lysine ratio (Dig) 0.76 - 0.79 - 0.82 - 0.81 - 0.84 - 0.88 - 
Vomitoxin, ppm 0.82 - 1.06 - 1.30 - 0.94 - 1.18 - 1.41 - 
Zeralenone, ppm 0.24 - 0.22 - 0.21 - 0.25 - 0.24 - 0.23 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 14a. Diet formulation and calculated and analyzed composition: Grow to Finish III (45 - 68 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 79.81 68.13 56.45 72.76 61.11 49.43 
HP-DDG - - - 10.00 10.00 10 
DDGS - 15.00 30.00 - 15.00 30 
Soybean meal 17.89 14.50 11.12 14.90 11.52 8.14 
Limestone, ground 0.830 1.040 1.250 0.860 1.070 1.280 
Phosphate monocalcium 21:18 0.410 0.310 0.210 0.410 0.310 0.200 
Salt 0.510 0.460 0.410 0.480 0.430 0.380 
L-Lysine 0.278 0.327 0.375 0.308 0.357 0.405 
Trace minerala 0.090 0.090 0.090 0.090 0.090 0.090 
Alimet 0.063 0.055 0.032 0.052 0.037 0.021 
L-Threonine 0.073 0.055 0.037 0.061 0.043 0.024 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.020 0.020 0.010 0.020 0.010 0.010 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.28 - 3.26 - 3.24 - 3.30 - 3.29 - 3.27 - 
Crude Protein, % 14.29 15 15.75 17.7 17.22 17.7 16.46 16.4 17.93 17.8 19.39 18.8 
Crude Fat, % 2.28 3.02 3.35 4.47 4.42 4.94 2.39 3.36 3.46 3.87 4.53 5.46 
Crude Fiber, % 1.77 1.33 2.46 1.84 3.15 2.22 1.57 1.98 2.26 2.76 2.95 4.55 
NDF, % 6.67 8.23 9.38 12 12.1 12.6 8.32 10.7 11.04 12.3 13.75 15.7 
ADF, % 2.78 2.09 3.95 3.29 5.12 3.06 3.63 4.19 4.8 4.11 5.97 6.85 
Calcium, % 0.47 0.55 0.52 0.68 0.58 0.71 0.47 0.6 0.52 0.5 0.58 0.69 
Phosphorus, % 0.39 0.52 0.46 0.57 0.52 0.58 0.39 0.51 0.45 0.56 0.52 0.64 
Phosphorus Available, % 0.24 - 0.29 - 0.34 - 0.24 - 0.29 - 0.34 - 
Calcium:Phosphorus ratio 1.2 1.06 1.16 1.19 1.13 1.22 1.22 1.18 1.18 0.89 1.14 1.08 
Sodium, % 0.22 0.23 0.22 0.22 0.22 0.21 0.22 0.21 0.22 0.2 0.22 0.21 
Salt-NaCl, % - 0.59  0.59  0.61  0.63  0.56  0.58 
Total Digestible Lysine, % 0.85 - 0.84 - 0.84 - 0.85 - 0.85 - 0.85 - 
Digestible Lysine:ME, g/kcal 2.59 - 2.59 - 2.59 - 2.59 - 2.59 - 2.59 - 
Met + Cys:Lysine ratio (Dig) 0.57 - 0.61 - 0.64 - 0.68 - 0.71 - 0.75 - 
Tryptophan:Lysine ratio (Dig) 0.16 - 0.16 - 0.16 - 0.17 - 0.17 - 0.17 - 
Threonine:Lysine ratio (Dig) 0.62 - 0.62 - 0.63 - 0.67 - 0.67 - 0.67 - 
Isoleucine:Lysine ratio (Dig) 0.60 - 0.62 - 0.64 - 0.65 - 0.66 - 0.68 - 
Valine:Lysine ratio (Dig) 0.69 - 0.73 - 0.77 - 0.77 - 0.81 - 0.85 - 
Vomitoxin, ppm 0.64 - 0.88 - 1.12 - 0.75 - 0.99 - 1.23 - 
Zeralenone, ppm 0.22 - 0.20 - 0.19 - 0.23 - 0.22 - 0.20 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 14b. Diet formulation and calculated and analyzed composition: Grow to Finish III (45 - 68 kg/pig body weight) 
HP-DDG inclusion level: 20 30 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 65.77 54.09 42.41 58.75 47.07 35.39 
HP-DDG 20.00 20.00 20 30.00 30 30 
DDGS - 15.00 30 - 15 30 
Soybean meal 11.93 8.54 5.16 8.94 5.56 2.18 
Limestone, ground 0.880 1.090 1.300 0.910 1.120 1.330 
Phosphate monocalcium 21:18 0.410 0.300 0.200 0.400 0.300 0.200 
Salt 0.450 0.400 0.350 0.420 0.370 0.320 
L-Lysine 0.338 0.387 0.435 0.369 0.417 0.466 
Trace minerala 0.090 0.090 0.090 0.090 0.090 0.090 
L-Threonine 0.049 0.030 0.012 0.037 0.018 - 
Alimet 0.042 0.026 0.011 0.032 0.016 - 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.020 0.010 0.010 0.010 0.010 - 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.33 - 3.31 - 3.29 - 3.35 - 3.33 - 3.31 - 
Crude Protein, % 18.65 19.3 20.11 19.3 21.57 20.2 20.83 19.7 22.29 21.4 23.75 22 
Crude Fat, % 2.51 3.48 3.58 4.61 4.64 5.73 2.63 3.71 3.69 5.06 4.76 5.65 
Crude Fiber, % 1.38 2.5 2.07 3.22 2.76 4.89 1.18 2.44 1.87 4.12 2.56 4.95 
NDF, % 9.98 9.84 12.7 13.4 15.41 17.2 11.64 12.6 14.35 14.5 17.07 18.9 
ADF, % 4.49 3.88 5.66 4.77 6.83 7 5.35 4.9 6.52 6.68 7.69 6.71 
Calcium, % 0.47 0.46 0.52 0.69 0.58 0.49 0.47 0.54 0.52 0.56 0.58 0.44 
Phosphorus, % 0.38 0.5 0.45 0.57 0.51 0.55 0.38 0.53 0.44 0.6 0.51 0.56 
Phosphorus Available, % 0.24 - 0.29 - 0.34 - 0.24 - 0.29 - 0.34 - 
Calcium:Phosphorus ratio 1.23 0.92 1.2 1.21 1.16 0.89 1.25 1.02 1.21 0.93 1.18 0.79 
Sodium, % 0.22 0.21 0.22 0.22 0.22 0.19 0.22 0.22 0.22 0.22 0.22 0.19 
Salt-NaCl, % - 0.59 - 0.56 - 0.74 - 0.61 - 0.53 - 0.51 
Total Digestible Lysine, % 0.86 - 0.86 - 0.85 - 0.87 - 0.86 - 0.86 - 
Digestible Lysine:ME, g/kcal 2.59 - 2.59 - 2.59 - 2.59 - 2.59 - 2.59 - 
Met + Cys:Lysine ratio (Dig) 0.78 - 0.82 - 0.85 - 0.89 - 0.93 - 0.96 - 
Tryptophan:Lysine ratio (Dig) 0.18 - 0.18 - 0.18 - 0.19 - 0.19 - 0.19 - 
Threonine:Lysine ratio (Dig) 0.71 - 0.72 - 0.72 - 0.76 - 0.76 - 0.77 - 
Isoleucine:Lysine ratio (Dig) 0.69 - 0.71 - 0.73 - 0.74 - 0.76 - 0.78 - 
Valine:Lysine ratio (Dig) 0.85 - 0.89 - 0.93 - 0.94 - 0.97 - 1.01 - 
Vomitoxin, ppm 0.86 - 1.10 - 1.34 - 0.97 - 1.20 - 1.44 - 
Zeralenone, ppm 0.25 - 0.23 - 0.22 - 0.26 - 0.25 - 0.24 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 15a. Diet formulation and calculated and analyzed composition: Grow to Finish IV (68 - 95 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 84.00 72.29 60.58 76.32 64.65 52.94 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 14.02 10.60 7.19 11.68 8.27 4.85 
Limestone, ground 0.790 1.010 1.230 0.820 1.040 1.250 
Phosphate monocalcium 21:18 0.290 0.220 0.150 0.280 0.200 0.130 
Salt 0.510 0.460 0.410 0.480 0.430 0.380 
L-Lysine 0.219 0.269 0.318 0.228 0.277 0.327 
Trace minerala 0.080 0.080 0.080 0.080 0.080 0.080 
Alimet 0.008 0.006 0.004 0.007 0.005 0.003 
L-Threonine 0.043 0.032 0.022 0.036 0.025 0.014 
Vitamin PMXb 0.030 0.030 0.030 0.020 0.030 0.030 
Optiphos 1000 0.020 0.020 0.010 0.020 0.010 0.010 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.28  3.26  3.25  3.30  3.29  3.27 - 
Crude Protein, % 12.71 12.8 14.17 15.1 15.63 15.6 15.12 15.6 16.58 16.6 18.04 17.4 
Crude Fat, % 2.36 3.38 3.42 4.88 4.49 5.67 2.46 3 3.53 4.55 4.59 4.8 
Crude Fiber, % 1.73 1.65 2.42 2.19 3.11 3.23 1.54 2.02 2.23 2.93 2.92 4.18 
NDF, % 6.71 6.76 9.41 12.1 12.12 13.2 8.36 10.4 11.07 12.8 13.77 14.4 
ADF, % 2.73 2.65 3.9 5.94 5.06 4.63 3.59 3.91 4.76 5.73 5.92 7.79 
Calcium, % 0.42 0.57 0.48 0.56 0.54 0.73 0.42 0.53 0.48 0.65 0.54 0.56 
Phosphorus, % 0.35 0.45 0.42 0.47 0.49 0.63 0.35 0.46 0.42 0.51 0.49 0.55 
Phosphorus Available, % 0.2 - 0.26 - 0.32 - 0.2 - 0.26 - 0.32 - 
Calcium:Phosphorus ratio 0.42 1.27 0.58 1.19 0.74 1.16 0.57 1.15 0.72 1.27 0.88 1.02 
Sodium, % 0.22 0.26 0.22 0.2 0.22 0.26 0.22 0.21 0.22 0.24 0.22 0.24 
Salt-NaCl, % - 0.63 - 0.61 - 0.63 - 0.54 - 0.64 - 0.59 
Total Digestible Lysine, % 0.71  0.70  0.70  0.71  0.71  0.71  
Digestible Lysine:ME, g/kcal 2.16 - 2.16 - 2.16 - 2.16 - 2.16 - 2.16 - 
Met + Cys:Lysine ratio (Dig) 0.57 - 0.63 - 0.69 - 0.72 - 0.78 - 0.84 - 
Tryptophan:Lysine ratio (Dig) 0.17 - 0.17 - 0.17 - 0.18 - 0.18 - 0.18 - 
Threonine:Lysine ratio (Dig) 0.63 - 0.64 - 0.66 - 0.70 - 0.72 - 0.73 - 
Isoleucine:Lysine ratio (Dig) 0.64 - 0.66 - 0.68 - 0.71 - 0.73 - 0.74 - 
Valine:Lysine ratio (Dig) 0.75 - 0.79 - 0.84 - 0.86 - 0.90 - 0.95 - 
Vomitoxin, ppm 0.67 - 0.91 - 1.15 - 0.78 - 1.02 - 1.25 - 
Zeralenone, ppm 0.23 - 0.21 - 0.20 - 0.24 - 0.23 - 0.21 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 15b. Diet formulation and calculated and analyzed composition: Grow to Finish IV (68 - 95 kg/pig body weight). 
HP-DDG inclusion level: 20 30 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 68.71 57.00 45.29 61.06 49.35 37.64 
HP-DDG 20.00 20.00 20 30.00 30 30 
DDGS - 15.00 30 - 15 30 
Soybean meal 9.35 5.93 2.51 7.01 3.59 0.18 
Limestone, ground 0.850 1.060 1.280 0.870 1.090 1.310 
Phosphate monocalcium 21:18 0.260 0.190 0.120 0.250 0.180 0.100 
Salt 0.450 0.400 0.350 0.420 0.370 0.320 
L-Lysine 0.237 0.286 0.336 0.246 0.296 0.345 
Trace minerala 0.080 0.080 0.080 0.080 0.080 0.080 
L-Threonine 0.029 0.018 0.007 0.022 0.011 - 
Alimet 0.005 0.003 0.001 0.004 0.002 - 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.020 0.010 0.010 0.010 0.010 - 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.33 - 3.31 - 3.29 - 3.35 - 3.34 - 3.32 - 
Crude Protein, % 17.55 15.4 19 19.4 20.46 20.2 19.97 19.4 21.42 20.9 22.88 21.4 
Crude Fat, % 2.57 3.6 3.63 5.04 4.69 5.83 2.67 3.67 3.73 4.9 4.8 5.57 
Crude Fiber, % 1.35 2.5 2.04 2.36 2.73 3.85 1.16 2.54 1.85 3.55 2.54 3.66 
NDF, % 10.02 9.54 12.72 13.9 15.42 15.1 11.67 9.29 14.37 14.5 17.08 17.5 
ADF, % 4.46 3.25 5.62 4.9 6.79 5.56 5.33 4.13 6.49 4.94 7.66 6.42 
Calcium, % 0.42 0.54 0.48 0.67 0.54 0.58 0.42 0.61 0.48 0.65 0.54 0.69 
Phosphorus, % 0.34 0.47 0.41 0.56 0.48 0.6 0.34 0.48 0.41 0.54 0.48 0.6 
Phosphorus Available, % 0.2 - 0.26 - 0.32 - 0.2 - 0.26 - 0.32 - 
Calcium:Phosphorus ratio 0.71 1.15 0.87 1.2 1.03 0.97 0.86 1.27 1.02 1.2 1.18 1.15 
Sodium, % 0.22 0.23 0.22 0.25 0.22 0.23 0.22 0.24 0.22 0.23 0.22 0.27 
Salt-NaCl, % - 0.63 - 0.61 - 0.56 - 0.63 - 0.54 - 0.56 
Total Digestible Lysine, % 0.72 - 0.72 - 0.71 - 0.72 - 0.72 - 0.72 - 
Digestible Lysine:ME, g/kcal 2.16 - 2.16 - 2.16 - 2.16 - 2.16 - 2.16 - 
Met + Cys:Lysine ratio (Dig) 0.86 - 0.92 - 0.98 - 1.01 - 1.07 - 1.13 - 
Tryptophan:Lysine ratio (Dig) 0.20 - 0.20 - 0.20 - 0.21 - 0.21 - 0.21 - 
Threonine:Lysine ratio (Dig) 0.78 - 0.79 - 0.80 - 0.86 - 0.87 - 0.88 - 
Isoleucine:Lysine ratio (Dig) 0.78 - 0.79 - 0.81 - 0.85 - 0.86 - 0.88 - 
Valine:Lysine ratio (Dig) 0.97 - 1.02 - 1.06 - 1.09 - 1.13 - 1.17 - 
Vomitoxin, ppm 0.88 - 1.12 - 1.36 - 0.98 - 1.22 - 1.46 - 
Zeralenone, ppm 0.26 - 0.24 - 0.23 - 0.27 - 0.26 - 0.24 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 16a Diet formulation and calculated and analyzed composition: Grow to Finish V (95 - 109 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 86.87 74.57 62.26 78.75 66.49 54.18 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 11.27 8.45 5.64 9.39 6.58 3.76 
Limestone, ground 0.780 1.000 1.220 0.810 1.030 1.250 
Phosphate monocalcium 21:18 0.270 0.200 0.140 0.250 0.180 0.110 
Salt 0.460 0.410 0.360 0.430 0.380 0.330 
L-Lysine 0.200 0.232 0.263 0.194 0.226 0.257 
Trace minerala 0.080 0.080 0.080 0.070 0.080 0.080 
L-Threonine 0.034 0.026 0.017 0.028 0.020 0.011 
Vitamin PMXb 0.030 0.030 0.030 0.020 0.030 0.030 
Optiphos 1000 0.020 0.010 0.010 0.010 0.010 0.010 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.28 - 3.27 - 3.25 - 3.31 - 3.29 - 3.27 - 
Crude Protein, % 11.61 13.4 13.29 13.2 14.97 15 14.19 15.1 15.88 16.9 17.56 17.1 
Crude Fat, % 2.41 3.70 3.46 4.77 4.52 5.87 2.51 3.8 3.56 5.28 4.61 5.19 
Crude Fiber, % 1.69 2.00 2.39 0.77 3.09 3.04 1.51 2.25 2.21 3.50 2.90 3.17 
NDF, % 6.72 8.66 9.42 5.14 12.13 14.00 8.37 9.44 11.08 12.4 13.78 14.2 
ADF, % 2.69 4.78 3.86 4.11 5.04 5.66 3.56 5.27 4.73 4.31 5.91 4.84 
Calcium, % 0.40 0.51 0.47 0.54 0.53 0.70 0.40 0.47 0.47 0.45 0.53 0.71 
Phosphorus, % 0.33 0.50 0.41 0.53 0.48 0.54 0.33 0.45 0.40 0.55 0.48 0.55 
Phosphorus Available, % 0.18 - 0.24 - 0.31 - 0.18 - 0.24 - 0.31 - 
Calcium:Phosphorus ratio 1.20 1.02 1.16 1.02 1.13 1.3 1.22 1.04 1.18 0.82 1.14 1.29 
Sodium, % 0.20 0.19 0.20 0.20 0.20 0.20 0.20 0.23 0.20 0.16 0.20 0.22 
Salt-NaCl, % - 0.59 - 0.58 - 0.53 - 0.68 - 0.43 - 0.53 
Total Digestible Lysine, % 0.63 - 0.62 - 0.62 - 0.63 - 0.63 - 0.62 - 
Digestible Lysine:ME, g/kcal 1.91 - 1.91 - 1.91 - 1.91 - 1.91 - 1.91 - 
Met + Cys:Lysine ratio (Dig) 0.60 - 0.68 - 0.76 - 0.77 - 0.85 - 0.93 - 
Tryptophan:Lysine ratio (Dig) 0.17 - 0.17 - 0.18 - 0.19 - 0.19 - 0.19 - 
Threonine:Lysine ratio (Dig) 0.64 - 0.67 - 0.71 - 0.74 - 0.77 - 0.80 - 
Isoleucine:Lysine ratio (Dig) 0.65 - 0.69 - 0.72 - 0.74 - 0.77 - 0.81 - 
Valine:Lysine ratio (Dig) 0.77 - 0.84 - 0.91 - 0.91 - 0.98 - 1.04 - 
Vomitoxin, ppm 0.69 - 0.93 - 1.16 - 0.79 - 1.03 - 1.26 - 
Zeralenone, ppm 0.23 - 0.22 - 0.20 - 0.25 - 0.23 - 0.22 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
86 
 
Table 16b Diet formulation and calculated and analyzed composition: Grow to Finish V (95 - 109 kg/pig body weight). 
HP-DDG inclusion level: 20 30 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 70.70 58.40 46.09 62.61 50.31 38.01 
HP-DDG 20.00 20.00 20 30.00 30.00 30 
DDGS - 15.00 30 - 15.00 30 
Soybean meal 7.52 4.70 1.88 5.64 2.82 0 
Limestone, ground 0.830 1.050 1.280 0.860 1.080 1.300 
Phosphate monocalcium 21:18 0.230 0.160 0.090 0.210 0.140 0.070 
Salt 0.400 0.350 0.300 0.370 0.320 0.270 
L-Lysine 0.190 0.220 0.251 0.180 0.210 0.245 
Trace minerala 0.080 0.080 0.080 0.080 0.080 0.080 
L-Threonine 0.020 0.010 0.006 0.020 0.010 - 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.010 0.010 - 0.010 - - 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.33  3.31  3.29  3.36  3.34  3.32  
Crude Protein, % 16.78 16.50 18.46 18.40 20.14 20.10 19.37 18.60 21.05 20.80 22.73 21.40 
Crude Fat, % 2.60 3.98 3.66 4.49 4.71 5.31 2.70 3.97 3.75 4.84 4.81 5.99 
Crude Fiber, % 1.33 1.88 2.03 3.92 2.72 3.87 1.15 2.33 1.84 4.29 2.54 3.50 
NDF, % 10.03 11.80 12.73 13.80 15.43 16.00 11.69 12.00 14.39 13.40 17.09 19.90 
ADF, % 4.43 2.81 5.61 4.87 6.78 5.94 5.31 3.99 6.48 5.47 7.65 6.70 
Calcium, % 0.40 0.56 0.47 0.50 0.53 0.58 0.40 0.55 0.47 0.66 0.54 0.58 
Phosphorus, % 0.33 0.46 0.40 0.48 0.48 0.52 0.32 0.44 0.40 0.43 0.46 0.60 
Phosphorus Available, % 0.18 - 0.24 - 0.31 - 0.18 - 0.24 - 0.31 - 
Calcium:Phosphorus ratio 1.23 1.22 1.20 1.04 1.16 1.12 1.25 1.25 1.21 1.53 1.18 0.97 
Sodium, % 0.20 0.23 0.20 0.21 0.20 0.20 0.20 0.20 0.20 0.17 0.20 0.20 
Salt-NaCl, % - 0.54 - 0.49 - 0.46 - 0.58 - 0.53 - 0.87 
Total Digestible Lysine, % 0.64  0.63  0.63  0.64  0.64  0.63  
Digestible Lysine:ME, g/kcal 1.91 - 1.91 - 1.91 - 1.91 - 1.91 - 1.91 - 
Met + Cys:Lysine ratio (Dig) 0.95 - 1.02 - 1.10 - 1.12 - 1.20 - 1.28 - 
Tryptophan:Lysine ratio (Dig) 0.21 - 0.21 - 0.21 - 0.23 - 0.23 - 0.24 - 
Threonine:Lysine ratio (Dig) 0.83 - 0.87 - 0.90 - 0.93 - 0.96 - 1.00 - 
Isoleucine:Lysine ratio (Dig) 0.83 - 0.86 - 0.90 - 0.92 - 0.96 - 0.99 - 
Valine:Lysine ratio (Dig) 1.05 - 1.11 - 1.18 - 1.19 - 1.25 - 1.32 - 
Vomitoxin, ppm 0.90 - 1.13 - 1.36 - 1.00 - 1.23 - 1.47 - 
Zeralenone, ppm 0.26 - 0.25 - 0.23 - 0.27 - 0.26 - 0.24 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
87 
 
Table 17a Diet formulation and calculated and analyzed composition: Grow to Finish VI (109 - 125 kg/pig body weight). 
HP-DDG inclusion level: 0 10 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 88.08 75.49 62.89 79.77 67.21 54.61 
HP-DDG - - - 10.00 10.00 10.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 10.06 7.54 5.03 8.38 5.87 3.35 
Limestone, ground 0.780 1.000 1.220 0.810 1.030 1.250 
Phosphate monocalcium 21:18 0.300 0.220 0.150 0.270 0.200 0.120 
Salt 0.460 0.410 0.360 0.430 0.380 0.330 
L-Lysine 0.192 0.214 0.237 0.179 0.202 0.224 
Trace minerala 0.080 0.080 0.080 0.070 0.080 0.080 
L-Threonine 0.027 0.020 0.014 0.022 0.016 0.009 
Vitamin PMXb 0.030 0.030 0.030 0.020 0.030 0.030 
Optiphos 1000 0.020 0.010 0.010 0.010 0.010 0.010 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.28 - 3.26 - 3.25 - 3.30 - 3.29 - 3.27 - 
Crude Protein, % 11.12 - 12.91 - 14.71 - 13.78 - 15.57 - 17.37 - 
Crude Fat, % 2.44 - 3.49 - 4.53 - 2.53 - 3.58 - 4.62 - 
Crude Fiber, % 1.68 - 2.38 - 3.08 - 1.50 - 2.20 - 2.90 - 
NDF, % 6.73 - 9.43 - 12.14 - 8.38 - 11.09 - 13.79 - 
ADF, % 2.67 - 3.85 - 5.03 - 3.55 - 4.73 - 5.91 - 
Calcium, % 0.40 - 0.47 - 0.53 - 0.40 - 0.47 - 0.53 - 
Phosphorus, % 0.33 - 0.41 - 0.48 - 0.33 - 0.40 - 0.48 - 
Phosphorus Available, % 0.18 - 0.24 - 0.31 - 0.18 - 0.24 - 0.31 - 
Calcium:Phosphorus ratio 1.20 - 1.16 - 1.13 - 1.22 - 1.18 - 1.14 - 
Sodium, % 0.20 - 0.20 - 0.20 - 0.20 - 0.20 - 0.20 - 
Salt-NaCl, % - - - - - - - - - - - - 
Total Digestible Lysine, % 0.59 - 0.59 - 0.58 - 0.59 - 0.59 - 0.59 - 
Digestible Lysine:ME, g/kcal 1.80 - 1.80 - 1.80 - 1.80 - 1.80 - 1.80 - 
Met + Cys:Lysine ratio (Dig) 0.62 - 0.71 - 0.79 - 0.81 - 0.89 - 0.98 - 
Tryptophan:Lysine ratio (Dig) 0.17 - 0.18 - 0.19 - 0.19 - 0.20 - 0.21 - 
Threonine:Lysine ratio (Dig) 0.64 - 0.68 - 0.73 - 0.75 - 0.79 - 0.83 - 
Isoleucine:Lysine ratio (Dig) 0.66 - 0.71 - 0.75 - 0.76 - 0.80 - 0.85 - 
Valine:Lysine ratio (Dig) 0.79 - 0.87 - 0.95 - 0.94 - 1.02 - 1.10 - 
Vomitoxin, ppm 0.70 - 0.94 - 1.17 - 0.80 - 1.04 - 1.27 - 
Zeralenone, ppm 0.24 - 0.22 - 0.21 - 0.25 - 0.23 - 0.22 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 17b Diet formulation and calculated and analyzed composition: Grow to Finish VI (109 - 125 kg/pig body weight). 
HP-DDG inclusion level: 20 30 
Item          DDGS inclusion level: 0 15 30 0 15 30 
Ingredients, %             
Corn yellow 71.52 58.93 46.33 63.24 50.65 38.05 
HP-DDG 20.00 20.00 20.00 30.00 30.00 30.00 
DDGS - 15.00 30.00 - 15.00 30.00 
Soybean meal 6.70 4.19 1.68 5.03 2.51 0.00 
Limestone, ground 0.830 1.050 1.280 0.860 1.080 1.300 
Phosphate monocalcium 21:18 0.250 0.170 0.100 0.220 0.150 0.070 
Salt 0.400 0.350 0.300 0.370 0.320 0.270 
L-Lysine 0.167 0.189 0.211 0.154 0.176 0.199 
Trace minerala 0.080 0.080 0.080 0.080 0.080 0.080 
L-Threonine 0.018 0.011 0.005 0.014 0.007 - 
Vitamin PMXb 0.030 0.030 0.030 0.030 0.030 0.030 
Optiphos 1000 0.010 0.010 - 0.010 - - 
Total, % 100 100 100 100 100 100 
Composition Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed Calculated Analyzed 
Met. Energy, Mcal/kg 3.33 - 3.31 - 3.29 - 3.36 - 3.34 - 3.32  
Crude Protein, % 16.44 - 18.24 - 20.03 - 19.11 - 20.90 - 22.69  
Crude Fat, % 2.62 - 3.67 - 4.71 - 2.72 - 3.76 - 4.81  
Crude Fiber, % 1.32 - 2.02 - 2.72 - 1.14 - 1.84 - 2.54  
NDF, % 10.04 - 12.74 - 15.44 - 11.69 - 14.39 - 17.10  
ADF, % 4.42 - 5.60 - 6.78 - 5.30 - 6.48 - 7.66  
Calcium, % 0.40 - 0.47 - 0.53 - 0.40 - 0.47 - 0.54  
Phosphorus, % 0.33 - 0.40 - 0.48 - 0.32 - 0.40 - 0.47  
Phosphorus Available, % 0.18 - 0.24 - 0.31 - 0.18 - 0.24 - 0.31  
Calcium:Phosphorus ratio 1.23 - 1.20 - 1.16 - 1.25 - 1.21 - 1.18  
Sodium, % 0.20 - 0.20 - 0.20 - 0.20 - 0.20 - 0.20  
Salt-NaCl, % - - - - - - - - - - -  
Total Digestible Lysine, % 0.60 - 0.60 - 0.59 - 0.60 - 0.60 - 0.60  
Digestible Lysine:ME, g/kcal 1.80 - 1.80 - 1.80 - 1.80 - 1.80 - 1.80  
Met + Cys:Lysine ratio (Dig) 0.99 - 1.08 - 1.16 - 1.18 - 1.27 - 1.35  
Tryptophan:Lysine ratio (Dig) 0.21 - 0.22 - 0.23 - 0.24 - 0.24 - 0.25 - 
Threonine:Lysine ratio (Dig) 0.86 - 0.90 - 0.94 - 0.97 - 1.01 - 1.06 - 
Isoleucine:Lysine ratio (Dig) 0.86 - 0.90 - 0.95 - 0.96 - 1.01 - 1.05 - 
Valine:Lysine ratio (Dig) 1.09 - 1.17 - 1.25 - 1.25 - 1.32 - 1.40 - 
Vomitoxin, ppm 0.90 - 1.13 - 1.37 - 1.00 - 1.23 - 1.47 - 
Zeralenone, ppm 0.26 - 0.25 - 0.23 - 0.28 - 0.26 - 0.24 - 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; niacin,16.740 
mg; and vitamin B12, 15.0 mg. 
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Table 18. Least-square means for the effects of dietary HP-DDG and DDGS inclusion level on the growth performance of pigs. 
 HP-DDG inclusion level, %  DDGS inclusion level, %  P-values 
Item 0 10 20 30 SEM 0 15 30 SEM HP-DDG DDGS 
HP-DDG x 
DDGS 
Deoxynivalenol (DON) levels, ppm4 0.82 0.93 1.04 1.15 - 0.74 0.98 1.22 - - - - 
Number of pens 6 6 6 6 - 6 6 6 - - - - 
Body weight, kg             
  Start (week 2 post-weaning) 5.9 5.8 5.9 5.8 0.02 5.8 5.9 5.8 0.0 0.61 0.32 0.10 
  Week 20             
    0% DDGS 113.6a 113.1a 111.6a 106.4c 1.18 - - - - 0.001** 0.001* 0.001 
    15% DDGS 112.6a 111.9a 107.2bc 98.2e - - - - - - - - 
    30% DDGS 112.4a 108.7b 102.7d 92.9f - - - - - - - - 
  Final weight1 123.8 123.8 124.0 0.0 0.33 123.7 123.9 124.0 0.4 0.95 0.90 0.28 
Performance from start to week 20 of study            
  Coefficient of variation at week 0, %2 19.7 20.0 20.2 19.6 0.44 19.7 19.9 20.0 0.43 0.257 0.616 0.498 
  Coefficient of variation at week 20, %2             
    0% DDGS 10.9de 10.5de 10.8de 14.4bc 0.95 - - - - 0.001** 0.02* 0.02 
    15% DDGS 9.1e 10.7de 12.2cd 16.3ab - - - - - - - - 
    30% DDGS 10.7de 9.7e 14.2bc 18.7a - - - - - - - - 
   Average daily gain, kg3             
    0% DDGS 0.775a 0.773ab 0.759b 0.720d 0.0061 - - - - 0.001** 0.001* 0.001 
    15% DDGS 0.767ab 0.762ab 0.730cd 0.661f  - - - - - - - 
    30% DDGS 0.763ab 0.739c 0.693e 0.623g  - - - - - - - 
  Average daily feed intake, kg3             
    0% DDGS 1.870ab 1.876ab 1.848bc 1.732de 0.0220 - - - - 0.001** 0.001* 0.001 
    15% DDGS 1.894a 1.780ab 1.762d 1.602f - - - - - - - - 
    30% DDGS 1.882ab 1.814c 1.706e 1.513g - - - - - - - - 
  Gain:feed kg:kg3 0.408 0.409 0.410 0.410 0.0015 0.412 0.410 0.407 0.0016 0.703 0.155 0.237 
Performance from start to slaugther (~125 kg)            
  Days to end of test1             
    0% DDGS 153.3d 154.3cd 155.7cd 163.8b 1.17 - - - - 0.001** 0.001* 0.001 
    15% DDGS 154.8cd 154.7cd 162.7b - - - - - - - - - 
    30% DDGS 157.2c 160.5b 170.2a - - - - - - - - - 
  Carcass average daily gain, kg1             
    0% DDGS 0.546a 0.582ab 0.573b 0.544c 0.0053 - - - - 0.001** 0.001* 0.01 
    15% DDGS 0.578b 0.577b 0.546c - - - - - - - - - 
    30% DDGS 0.570b 0.554c 0.520d - - - - - - - - - 
  Carcass gain:feed lb:lb 0.253a 0.249a 0.242b 0.242b 0.0023 0.253a 0.248b 0.242c 0.0023 0.001* 0.001* 0.78 
Morbidity and mortality, % 3.92 3.59 4.41 5.06 0.858 4.53 2.82 5.39 0.740 0.66 0.06 0.26 
*Linear effect, P < 0.001; **Quadratic effect, P < 0.001; a,b,c,d,e,f,gMeans within a row or interaction subclass with different superscripts differ (P < 0.05); 1The analysis excluded the 
  30% HP-DDG by 15 and 30% DDGS treatments; 2Measured within pen; 3Measured from week 0 to week 20 post-weaning; 4Mean across dietary treatments. 
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Table 19.  Least-square means for the effects of the combined effects of dietary HP-DDG and DDGS inclusion level on carcass 
characteristics and longissimus muscle and belly quality measurements. 
 HP-DDG inclusion level, %  DDGS inclusion level, %  P-values 
Item 0 10 20 30 SEM 0 15 30 SEM  HP-DDG DDGS 
HP-DDG x 
DDGS 
Number of pens 6 6 6 6  6 6 6  - - - 
Carcass characteristics
1
             
  Harvest live weight, kg 123.1 123.5 123.3 - 0.37 123.6 123.0 123.3 0.40 0.80 0.60 0.65 
  Hot carcass weight, kg 94.1 93.6 93.0 - 0.37 94.0 93.5 93.1 0.40 0.08 0.16 0.84 
  Carcass yield, % 75.1 74.3 73.5 - 0.40 74.9 74.7 73.2 0.41 0.002* 0.001 0.75 
  Longissimus muscle depth, cm 6.46
a
 6.32
a
 5.98
b
 - 0.085 6.29 5.61 6.14 0.085 0.003 0.34 0.47 
  Back fat depth, cm 1.71
a
 1.87
b
 1.78
ab
 - 0.033 1.88 1.89 1.81 0.033 0.005 0.17 0.10 
  Predicted carcass lean 
content, % 53.2 53.3 53.2 53.0 0.10 53.2 53.1 53.3 0.09 0.84 0.77 0.06 
Muscle quality measures
2             
  Ultimate pH
 
5.61 5.66 5.65 5.64 0.024 5.62
a
 5.61
a
 5.68
b
 0.024 0.07 0.004** 0.06 
  Subjective color
 
2.76 2.77 2.70 2.77 0.069 2.75 2.73 2.75 0.069 0.76 0.98 0.95 
  Subjective marbling
 
2.04 2.02 1.90 2.14 0.101 2.06 1.99 1.91 0.10 0.42 0.46 0.44 
  Subjective firmness
 
2.89 2.85 2.76 2.60 0.103 3.04
a
 2.75
b
 2.71
b
 0.10 0.50 0.01 0.96 
Belly quality characteristics             
  Length, cm 62.48
a
 62.19
a
 60.43
b
 61.42
ab
 2.408 63.75
a
 61.21
b
 60.10
b
 2.408 0.01* 0.001* 0.91 
  Weight, kg 7.00 7.04 6.83 6.90 0.122 6.81 7.07 6.94 0.122 0.18 0.20 0.49 
  Thickness, cm 3.30 3.23 3.25 3.15 0.307 3.23 3.28 3.28 0.307 0.69 0.73 0.28 
  Flop distance, cm 23.93
a
 19.84
b
 18.87
b
 17.65
b
 1.146 22.63
a
 21.06
b
 18.95
c
 1.146 0.001** 0.001* 0.32 
*Linear effect, P < 0.001. 
**Quadratic effect, P < 0.001. 
a,b,c,d
Means within a row or interaction subclass with different superscripts differ (P < 0.07). 
1
The analysis excluded the 30% HP-DDG by 15 and 30% DDGS treatments. 
2
Subjective scores for color, firmness and marbling were taken on the cut surface of the Longissimus muscle using the following scales: color, 1 = extremely pale to 6 = 
extremely dark; firmness, 1 = extremely soft to 5 = extremely firm; and marbling, 1 = 1% intramuscular fat to 10 = 10% intramuscular fat. 
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Table 20. Least-square means for the effects of dietary HP-DDG and DDGS inclusion level on the pigs belly fat fatty acid profile
w
. 
 
HP-DDG 
 
DDGS 
 
P-values 
Item, % 0 10 20 30 SEM 0 15 30 SEM  HP-DDG DDGS 
HP-DDG x 
DDGS 
C6:0 0.151b 0.296a 0.180bc 0.485c 0.0334 0.171 0.182 0.274 0.0339 0.03 0.13 0.89 
C10:0 0.145 0.124 0.152 0.105 0.0252 0.140 0.125 0.156 0.0253 0.75 0.72 0.73 
C12:0 0.128 0.105 0.105 0.108 0.0152 0.120 0.109 0.110 0.0165 0.61 0.91 0.62 
C14:0 1.603 1.528 1.476 1.607 0.0633 1.617 1.536 1.455 0.0640 0.45 0.30 0.46 
C14:1 0.071 0.001 0.040 0.017 0.0216 0.060 0.019 0.033 0.0229 0.22 0.58 0.07 
C15:0 0.008 0.015 0.019 0.023 0.0036 0.016 0.012 0.014 0.0036 0.09 0.71 0.39 
C16:0 22.03a 21.24b 20.66b 20.22b 0.2755 22.44a 21.45b 20.05c 0.275 0.001* 0.001* 0.58 
C16:1 2.610 2.533 2.444 2.561 0.1109 2.783a 2.563a 2.242b 0.1108 0.53 0.002* 0.30 
C18:0 10.14a 9.55ab 8.97b 8.72b 0.2679 9.987 9.444 9.229 0.268 0.013* 0.15 0.24 
C18:1c 41.40a 40.22b 40.23b 40.68b 0.3162 42.19a 41.33a 38.33b 0.346 0.05* 0.001** 0.10 
C18:2t 
                0% DDGS 0.055bc 0.171a 0.056bc 0.067bc 0.0244 - - - - 0.03** 0.013* 0.053 
    15% DDGS 0.058bc 0.105ab 0.053bc - - - - - - - - - 
    30% DDGS 0.048bc 0.020c 0.025c - - - - - - - - - 
C18:2c 18.43a 20.87a 21.81b 21.45b 0.4631 17.14a 19.45b 24.51c 0.4638 0.001* 0.001** 0.27 
C18:3n6 
                0% DDGS 0.044abcd 0.071a 0.004cd 0.025bc 0.0157 - - - - 0.005* 0.23 0.025 
    15% DDGS 0.033abcd 0.045bc 0.021bcd - - - - - - - - - 
    30% DDGS 0.051ab 0.003cd 0.000d - - - - - - - - - 
C18:3n3 0.656 0.667 0.987 0.622 0.1365 0.619 0.964 0.727 0.1373 0.22 0.27 0.24 
C20:0 0.217 0.198 0.228 0.193 0.0160 0.234 0.212 0.197 0.0164 0.54 0.39 0.59 
C20:1 0.644 0.641 0.669 0.583 0.0155 0.661a 0.691a 0.601b 0.0167 0.45 0.009** 0.08 
C20:2 0.004 0.016 0.013 0.000 0.0104 0.018 0.013 0.002 0.0104 0.54 0.35 0.15 
C20:3n6 0.745a 0.824ab 0.898b 0.841ab 0.0226 0.671a 0.830b 0.966c 0.0243 0.001* 0.001* 0.43 
C20:3n3 
                0% DDGS 0.040ab 0.056ab 0.033b 0.047ab 0.0167 - - - - 0.71 0.62 0.016 
    15% DDGS 0.020b 0.061ab 0.088a - - - - - - - - - 
    30% DDGS 0.063ab 0.043ab 0.024b - - - - - - - - - 
C20:4 0.286 0.336 0.331 0.405 0.0202 0.320 0.304 0.328 0.0204 0.23 0.75 0.44 
Iodine value 
                0% DDGS 70.70e 76.30cd 75.54d 80.87b 1.192 - - - - 0.001* 0.001* 0.028 
    15% DDGS 74.01de 79.64bc 81.58b - - - - - - - - - 
    30% DDGS 82.26b 82.02b 87.17a - - - - - - - - - 
SFA 33.71a 32.22b 31.27b 30.68b 0.308 34.00a 32.41b 30.79c 0.323 <.0001 <.0001 0.10 
MUFA 44.72a 43.39b 43.54b 43.70b 0.348 45.69a 44.60a 41.35b 0.358 0.053* 0.001** 0.10 
PUFA 20.27a 22.93b 24.10b 23.35b 0.4407 18.96a 21.73b 26.62c 0.4449 0.001* 0.001* 0.08 
MUFA/PUFA ratio 2.374a 1.962b 1.896b 1.929b 0.0660 2.514a 2.136b 1.582c 0.0665 0.001* 0.001* 0.08 
*Linear effect, P < 0.001. 
**Quadratic effect, P < 0.001. 
w6 replicates per treatment. 
SEM=Standard error of the mean, SFA= Saturated fatty acids (C14:0 + C16:0 + C18:0), MUFA= Monounsaturated fatty acids (C16:1 + C18:1 + C20:1), PUFA= Polyunsaturated fatty acids (C18:2  + 
C18:3+ C20:2 + C20:3). 
a,b,c,d, e Means within a row or interaction subclass with different superscripts differ (P < 0.05). 
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Table 21. Effect of dietary HP-DDG and DDGS inclusion level on the incidence of morbidity and 
mortality of pigs. 
 Treatment 
HP-DDG inclusion level: 0 0 0 10 10 10 20 20 20 30 30 30 
DDGS inclusion level: 0 15 30 0 15 30 0 15 30 0 15 30 
Total mortality             
    Number of pigs 5 4 3 4 3 5 4 0 8 5 2 4 
    Percentage of pigs 2.45 1.96 1.47 1.96 1.47 2.45 1.96 0.00 3.92 2.45 0.98 1.96 
Total morbidity                         
    Number of pigs 4 2 6 3 4 3 8 1 6 4 7 9 
    Percentage of pigs 1.96 0.98 2.94 1.47 1.96 1.47 3.92 0.49 2.94 1.96 3.43 4.41 
Total morbidity and mortality                      
    Number of pigs 9 6 9 7 7 8 12 1 14 9 9 13 
    Percentage of pigs 4.41 2.94 4.41 3.43 3.43 3.92 5.88 0.49 6.86 4.41 4.41 6.37 
Causes of mortality                         
    Respiratory disease1 0 0 0 0 1 1 0 0 0 0 0 0 
    Gastrointestinal disease2 0 1 0 0 0 0 0 0 0 0 1 0 
    Other disease3 0 0 0 0 0 1 2 0 0 0 0 0 
    Injury4 1 1 1 1 0 0 0 0 1 1 2 3 
    Structural defects5 0 0 0 1 0 0 1 0 0 0 0 0 
    Hernia6 0 0 1 1 2 0 3 0 0 1 0 0 
    Emaciation7 2 0 3 0 0 1 0 1 2 2 2 1 
    NANI8 1 0 0 0 0 0 1 0 0 0 0 1 
    Other9 5 4 4 4 4 5 5 0 11 5 4 8 
1Respiratory disease = PRRS, pneumonia, influenza, and thumping 
2Gastrointestinal disease = ileitis, hemorrhagic bowel, obstructed bowel, and ulcers 
3Other disease = strep and greasy pig 
4Injury = broken bones, cannibalism, abscesses, and swollen joints 
5Structural defects = broken top, leg soundness issues, and spraddle legs 
6Hernia = scrotal and umbilical hernias 
7Emaciation = fall out, anorexia, and general unthriftiness 
8NANI = downers and stress related issues 
9Other = all other reasons for morbidity or mortality 
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CHAPTER III: Effects of low dietary inclusion levels of soybean meal on the growth 
performance of late-finishing pigs 
Abstract 
There has been limited research to establish if non-essential amino acids (NEAA) become 
limiting to growth performance in late finishing pigs fed low crude protein diets. The objectives 
of this study were to define the minimum crude protein level and whether NEAA become 
limiting in low crude protein diets for late finishing pigs.  Individually penned barrows (n = 142; 
BW 89.4 ± 5.16 kg) were randomly allotted to 8 dietary treatments in a RCBD with 18 replicates. 
Treatments 1 through 5 consisted in a gradual reduction of SBM inclusion levels (18.0, 14.0, 
10.0, 7.0 and 3.0%); which resulted in dietary crude protein levels of 13.0, 12.0, 10.7, 9.5, and 
8.4%, respectively.  Diets were formulated to the same ME (3.3 Mcal/kg) and standard ileal 
digestible (SID) lysine (0.60%) levels and met or exceeded NRC (1998) recommendations for 
other nutrients. Levels of other essential AA were maintained constant across diets by the 
addition of crystalline AA sources. For Treatments 6, 7, and 8 the diets contained the same crude 
protein levels as Trt. 1 by the addition of NEAA (50:50% mixture of glycine and glutamic acid) 
to Trt. 3, Trt. 4, and Trt. 5, respectively. Experimental diets were fed over a 4-wk period. 
Reducing crude protein levels resulted in a decreased (quadratic, P < 0.05) ADG (1.147, 1.143, 
1.156 and 1.118, and 0.999 kg respectively), and reduced (quadratic, P < 0.05) G:F (0.352, 0.342, 
0.350, 0.331, 0.308, respectively). There were no differences in ADFI (P < 0.05) with reducing 
crude protein level.  Broken-line analysis suggested that the minimum crude protein inclusion 
level for ADG, and G:F was 9.76 and 10.32%, respectively. There were no improvements (P > 
0.05) in growth performance with NEAA supplementation, regardless of crude protein level. 
These results suggest that late finishing pigs can be fed diets with reduced crude protein levels of 
9.55% to maintain maximum body weight; higher crude protein levels of 9.76% and 10.32% 
were needed to obtain the maximum average daily gain and gain:feed respectively. NEAA were 
not limiting in the low crude protein diets evaluated. 
Key Words: Amino acids, finishing pigs, growth. 
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Introduction 
In a previous experiment we demonstrated that growth performance was reduced in pigs 
fed diets with 30% HP-DDG inclusion levels.  Similar results had been reported by Puls et al. 
(2009), who showed that pigs fed diets with 30% HP-DDG had significantly reduced growth 
performance (12% lower) compared to pigs fed diets with 20% or less of HP-DDG.  The 
mechanism(s) involved in causing the negative impact on growth performance of higher HP-
DDG inclusion levels are unclear; however, it is possible that the reduction in growth may be the 
result of dietary excesses and/or imbalances of the branched chain amino acids (BCAA), 
particularly leucine level. 
Dietary digestible leucine level in HP-DDG is approximately 1.8 times higher than that of 
soybean meal, and 7.0 times higher than that of corn.  As a result, a typical growing-finishing 
diet with 30% HP-DDG inclusion level may have digestible leucine levels of up to 2.5%, which 
is 3.7 and 5.0 times higher the NRC (1998) requirements for growing and finishing pigs, 
respectively. 
Dietary excesses of BCAA have been investigated in rats (Shinnick and Harper, 1977; 
Block and Harper, 1984; Tsubuku et al., 2004; D’Mello, 2004), poultry (Demello and Lewis, 
1970; Allen and Baker, 1972; Hargrove et al., 1988), and pigs (Oestemer et al., 1973; Henry et 
al., 1976; Taylor et al., 1984; Edmonds and Baker, 1987; Langer et al., 2000a,b; Kerr et al., 
2004; Lordelo et al., 2008).  In general, an excess of leucine reduces the concentration of valine, 
isoleucine and their α-keto acids in plasma and has a negative effect on feed intake and growth 
performance.  It has been shown that valine supplementation reversed these negative effects on 
feed intake and average daily gain in rats (D’Mello and Lewis, 1970).  However, the negative 
effects of excess leucine in the diet, is likely to be related with protein level and ingredient 
utilization (Baker, 2004).  For example, in pigs growth depression effects of excess leucine were 
not observed when pigs were fed diets with soybean meal inclusion levels of greater than 15% 
(Cysneros et al., 1996; Hyun et al., 2007).  However, Castell et al. (1994) and Castaneda et al. 
(2005) reported consistent reduction in feed intake and growth rate in finishing pigs fed SBM 
inclusion levels of less than 7%. 
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Therefore, to investigate the effects of the dietary excesses of BCAA on pig growth 
performance, it is necessary to define an experimental low-protein diet that will result in 
maximum growth performance.  This diet would then be used as the basis of future studies aimed 
at separating the independent effects of individual amino acids on pig growth performance. 
Therefore, the objective of this experiment was to define an experimental low-protein diet 
(produced by the reduction of soybean meal inclusion levels) that maximizes growth 
performance of late finishing pigs, and, additionally, to test if non-essential amino acids 
(NEAA’s) are limiting growth performance in the low-protein diet. 
Materials and Methods 
The protocol for this study was approved by the Institutional Animal Care and Use 
Committee of the University of Illinois (protocol number 09121) 
Experimental Design and Treatments 
This study was carried out as a randomized complete block design (two blocks of 72 pigs 
over time) with eight dietary treatments: 
1) 13.3% crude protein (18% soybean meal level). 
2) 12.0% crude protein (14% soybean meal level). 
3) 10.7% crude protein (10% soybean meal level). 
4) 9.5% crude protein (7% soybean meal level). 
5) 8.4% crude protein (3% soybean meal level). 
6) Same as diet 3 plus glycine and glutamic acid (as a source of NEAA’s to provide the 
same level of NEAA’s as diet l). 
7) Same as diet 4 plus glycine and glutamic acid (as a source of NEAA’s to provide the 
same level of NEAA’s as diet l). 
8) Same as diet 5 plus glycine and glutamic acid (as a source of NEAA’s to provide the 
same level of NEAA’s as diet l). 
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Animals 
The study involved a total of 144 standard commercial crossbred pigs (progeny of PIC 
359 sires mated to PIC C22 or C29 dams) that were used in two blocks of 72 pigs each.  Pigs 
were brought into the facility from an outside source at a live weight of ~ 75 kg and allowed an 
acclimation period of 2 weeks prior to the start of the study, during which they received a 
standard diet formulated to meet or exceed NRC (1998) requirements.  After the acclimation 
period, pigs were individually weighed, formed into outcome groups of 8 on the basis of similar 
body weight, and randomly allotted to 8 dietary treatments from within the outcome group.  This 
process was repeated until there were 9 treatment replications per block for a total of 18 
replications per treatment for the entire study.  Pigs were fed the experimental diets for 4 weeks. 
Housing 
Pigs were penned individually in an environmentally controlled finishing building located 
at the University of Illinois.  The building had fully-slotted plastic floors, and a shallow manure 
pit; pen divisions were made of vertical steel bars. Air temperature in the building was set at 
18
o
C and was maintained throughout the study period using thermostatically controlled heaters 
and fan ventilation.  Each pen was equipped with a standard single-space feeder and a cup-type 
water drinker.  Feed and water were available ad libitum throughout the study period.  Pen 
dimension were 1 m wide and 2 m long and provided a floor space of 2.0 m
2
/pig. 
Diet Preparation and Feeding 
Major ingredients (corn and soybean meal) were chemically analyzed for protein and 
amino acid content and the analyzed values were used to formulate the diets.  The same batch of 
corn and soybean meal was used for all the diets to ensure consistency throughout the trial.  All 
diets were based on corn and soybean meal and formulated to the same energy content (3.3 
Mcal/kg) and to meet the lysine requirement of the pigs being used (0.60% SID lysine).  To 
avoid deficiencies of dietary essential amino acids, digestible levels of all the essential amino 
acids were at the ideal protein ratio for finishing pigs proposed by Baker (1993).  Treatments 1 
through 5 were formulated to contain protein levels of 13.3, 12.0, 10.7, 9.5, and 8.4%, 
respectively.  Crude protein levels were achieved by the gradual reduction of soybean meal 
levels (18.0, 14.0, 10.0, 7.0 and 3.0% for treatments 1 to 5, respectively), and dietary digestible 
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lysine level was maintained by the addition of increasing levels of synthetic L-lysine-HCL (0.0, 
0.11, 0.23, 0.34 and 0.45 %, from diets 1 to 5, respectively).  Three additional treatments were 
formulated (Treatments 6 to 8) to contain the same crude protein levels as treatment 1 (13.3% 
crude protein) by the addition of NEAA to treatments 3, 4, and 5, respectively.  The sources of 
NEAA’s used were a 50:50 mixture of L-glycine and L-glutamic acid.  Other nutrients were 
provided to meet or exceed NRC (1998) recommendations for late-finishing pigs.  Diet 
formulations and calculated and analyzed composition are presented in Table 22. 
Measurements 
Individual body weights and longitudinal real time ultrasound measurements were taken 
at the beginning of the experiment and every 2 weeks during the study.  Fat free lean weight was 
estimated according to the equation of Cysneros et al. (1996).  All feed additions and the feed 
remaining in the feeder were recorded at the time of pig weighing and were used to calculate 
average daily feed intake, average daily gain, and gain:feed ratio. 
Statistical Analysis 
All data were analyzed by using the PROC MIXED procedure of SAS (SAS Inst. Inc., 
Cary, NC) for randomized complete block design.  The model included the main effect of 
treatment and block.  Orthogonal contrasts were used to test linear and quadratic responses to 
crude protein level for treatments 1 to 5.  All quadratic response criteria were fitted to a 
rectilinear “broken-line” model, and this was used to estimate the minimum crude protein level 
required to maintain adequate growing rates.  The break-points were determined using a model 
involving one linear spline and a plateau (Robbins, 2006).  Single comparison contrast was used 
to compare differences between NEAA’s supplementation as follows: treatment 3 vs. 6; 
treatment 4 vs. 7; and treatment 5 vs. 8.  For variables that differed among treatments (P < 0.05), 
means were compared using Student t tests. 
Results and Discussion 
Least square means for the effects of dietary treatment (crude protein level/soybean meal 
inclusion level) on pig growth performance are presented in Table 23.  There were no treatment 
differences (P > 0.05) in body weight at the start of the trial.  There were no effects (P > 0.05) of 
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decreasing crude protein level from 13 to 9% (Treatments 1 through 4) on final body weight, 
average daily gain, average daily feed intake, and gain:feed ratio.  However, pigs fed Treatment 
5 (with 8% crude protein) had 2.8% lower final body weight (117.7 vs. 121.1 kg; P < 0.05), 
12.9% lower average daily gain (0.999 vs. 1.147 kg; P < 0.005), and 12.5% lower gain:feed ratio 
(0.308 vs 0.352; P < 0.05), than the control diet (Treatment 1).  The response to decreasing 
dietary crude protein level from 13 to 8% (Treatments 1 through 5) was quadratic for final body 
weight, average daily gain, and gain:feed ratio (Table 2).  Broken-line analysis (Table 2, 
footnote) showed that the minimum crude protein level required for maximum final body weight 
was 9.56% (equivalent to 8% soybean meal inclusion level and 0.063 lysine:crude protein ratio), 
for maximum average daily gain was 9.76% (equivalent to 8.5% soybean meal inclusion levels 
and 0.061 lysine:crude protein ratio), and for maximum gain:feed ratio was 10.32% (equivalent 
to 9% soybean meal inclusion levels and 0.058 lysine:crude protein ratio). 
There was no effect (P > 0.05) of decreasing crude protein levels from 13 to 9% 
(Treatments 1 through 4) on 10
th
 rib backfat depth, longissimus muscle depth, calculated fat-free 
lean, and average daily fat-free lean gain (Table 2).  However, pigs fed treatment 5 with 8% 
crude protein level had 1.0% lower longissimus muscle depth (4.75 vs. 4.79 cm; P < 0.01), 3.5% 
lower calculated carcass fat-free lean content (46.55 vs. 48.24 kg, P < 0.01) and 17.8% lower 
average daily fat free lean gain (0.318 vs. 0.387 kg, P < 0.02) compared to Treatment 1.  
“Broken-line” analysis showed that the minimum crude protein level required to maintain 
maximum performance was 9.55% for carcass fat-free lean content (equivalent to 8% SBM 
inclusion levels and 0.063 lysine:crude protein ratio), and 9.90% for average daily fat-free lean 
gain (equivalent to 8.5% SBM inclusion levels and 0.061 lysine:crude protein ratio).  Increased 
carcass fatness levels in pigs fed low protein diets have also been reported by Kerr et al. (1995), 
Knowles et al. (1998), and LeBellego et al. (2001) and may be due to an increase in the net 
energy content of  such diets.  Low crude protein diets can have higher net energy content due to 
a reduction in deamination of excess of amino acids and excretion of urea (Noblet et al., 1987) 
and(or) because of a reduction in the protein turnover and heat production of the animal (Van 
Milgen et al., 2001). 
The results of the current experiment suggest that for corn-soybean meal based diets 
supplemented with essential amino acids a crude protein level of 9.56% is the minimum level 
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needed to maintain the maximum final body weight in finishing pigs.  Higher crude protein 
levels of 9.76% and 10.32% were needed to obtain the maximum average daily gain and 
gain:feed, respectively.  A number of studies have investigated the crude protein level needed to 
maintain equivalent performance to a corn-soybean meal based control diet.  For example, 
Kephart and Sherritt (1990a) reported that pigs fed a 10.9% crude protein-amino acid 
supplemented diet had similar growth rate than those fed the control corn-soybean meal based 
diet with 17% crude protein.  De la Llata et al. (2002) fed pigs with a corn-soybean meal diet 
supplemented diet with lysine and reported that crude protein levels greater than 10.5% had no 
negative impact on growth performance.  Baker et al. (1975) reported a reduction in growth 
performance of pigs fed a 12% crude protein diet supplemented with synthetic amino acids, and 
Easter and Baker (1980) reported a reduction in growth performance of pigs fed an 11% crude 
protein corn-soybean meal based diet with no amino acid supplementation.  In general, the 
studies discussed above have suggested that greater crude protein levels than found in the current 
study were needed to maintain grow rates similar to the pigs receiving the control diet.  However, 
in the studies of Baker et al. (1975), Easter and Baker (1980), Kephart and Sherritt (1990a,b), 
and De la Llata et al. (2002), the reduction in crude protein level was achieved by reducing the 
dietary inclusion levels of soybean meal below 8.5% which resulted in a greater deficiency of 
other essential amino acids apart from lysine, methionine, threonine and tryptophan.  This was 
confirmed by Russell et al. (1987) and Figueroa et al. (2003) who reported that pigs fed a corn-
soybean meal diet supplemented with lysine-methionine-threonine, and -tryptophan  with 11% 
crude protein had dietary deficiencies of valine (Russell et al., 1987), histidine, and isoleucine 
(Figueroa et al., 2003) than those fed the control 16% crude protein corn-soybean meal based 
diet.  This deficiency in valine, histidine, and isoleucine, and also, differences in the chemical 
composition of the ingredients used may play an additional and important role in the differences 
in results between studies. 
In the current study, all essential amino acids were above the true digestible levels 
recommended by NRC (1998) requirements.  Therefore, it is possible that additional nitrogen (as 
non-essential amino acids supply) was needed to overcome the reduction in average daily gain 
observed in the current study in pigs fed diets with less than 9.76% crude protein level.  However, 
there were no differences (P > 0.05) between no non-essential amino acid supplemented diets 
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(Treatments 3, 4 and 5) and those supplemented with non-essential amino acids to the level of 
Treatment 1 with 13% crude protein (Treatments 6, 7, and 8) for average daily feed intake, 
average daily gain, gain:feed, fat free lean, and average fat free lean gain. 
In conclusion, the results of the present experiment suggest that for corn-soybean meal 
based diets supplemented with essential amino acids a crude protein level of 9.55% is the 
minimum needed to maintain maximum body weight; higher crude protein levels of 9.76% and 
10.32% were needed to obtain the maximum average daily gain and gain:feed respectively, in 
finishing pigs. 
In the current experiment, we were unable to overcome the negative impact on the 
growth performance of pigs fed Treatment 5 that was deficient in crude protein, by adding non-
essential amino acids.  More research is necessary to clearly elucidate the impact of non-essential 
amino acid supplementation to crude protein deficient diets in finishing pigs. 
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Tables 
Table 22. Diet formulation and calculated and analyzed composition of the experimental diets (as-fed basis). 
 Dietary treatment 
 1 2 3 4 5 6 7 8 
Crude protein content, % 13 12 11 9 8 13 13 13 
Soybean meal levels, % 18 14 10 7 3 10 7 3 
Ingredients, kg/ton 
Corn yellow 764.86 799.75 834.23 867.44 899.19 830.42 862.27 893.25 
Soybean meal 177.12 140.23 103.37 66.60 29.94 103.65 66.98 30.37 
Corn starch 39.00 39.00 39.00 39.00 39.00 19.35 9.05 -- 
50% L-Gly: 50% Glut mixture -- -- -- -- -- 19.65 29.95 39.48 
Fat animal, beef tallow -- -- -- -- -- 3.51 4.74 4.96 
Limestone 7.97 8.16 8.35 8.55 8.74 8.34 8.52 8.71 
Phosphate monocalcium 6.05 6.28 6.50 6.73 6.96 6.54 6.78 7.03 
Salt 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 
Minerals PMXa 0.75 0.75 0.75 0.75 0.75 0.75 0.75 0.75 
Vitamins PMXb 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 
L-Lysine -- 1.125 2.250 3.375 4.500 2.250 3.375 4.500 
L-Threonine -- 0.456 0.949 1.444 1.939 0.952 1.447 1.943 
DL-Methionine -- -- 0.276 0.622 0.969 0.283 0.631 0.980 
L-Tryptophan -- -- 0.064 0.264 0.464 0.065 0.264 0.464 
L-Isoleucine -- -- -- 0.484 1.210 -- 0.487 1.214 
L-Valine -- -- -- 0.497 1.103 -- 0.504 1.111 
L-Histidine -- -- -- -- 0.118 -- -- 0.123 
L-Phenylalanine -- -- -- -- 0.867 -- -- 0.877 
Calculated analysis Calc. Anal. Calc. Anal. Calc. Anal. Calc. Anal. Calc. Anal. Calc. Anal. Calc. Anal. Calc. Anal. 
Met. Energy, Mcal/kg 3.32  3.32  3.32  3.32  3.32  3.32  3.32  3.32  
Crude Protein, % 13.3 13.1 12.0 11.8 10.7 10.7 9.5 9.5 8.4 8.2 13.3 13.0 13.3 13.2 13.3 13.2 
Crude Fat, % 2.75 2.94 2.84 2.83 2.91 3.14 2.99 3.00 3.06 3.00 3.29 3.18 3.44 3.59 3.53 3.69 
NDF 8.92  8.93  8.93  8.92  8.99  8.89  8.87  8.85  
ADF 3.10  3.00  2.89  2.79  2.68  2.88  2.78  2.66  
Calcium, % 0.50  0.50  0.50  0.50  0.50  0.50  0.50  0.50  
Phosphorus Available, % 0.18  0.18  0.18  0.18  0.18  0.18  0.18  0.18  
Arginine Dig., % 0.765 0.82 0.663 0.74 0.561 0.61 0.458 0.50 0.356 0.40 0.560 0.63 0.458 0.52 0.355 0.42 
Histidine Dig., % 0.316 0.36 0.282 0.34 0.248 0.29 0.214 0.25 0.192 0.21 0.248 0.30 0.214 0.26 0.192 0.24 
Isoleucine Dig., % 0.474 0.52 0.412 0.48 0.351 0.39 0.330 0.35 0.330 0.37 0.350 0.41 0.330 0.36 0.330 0.38 
Leucine Dig., % 1.021 1.18 0.930 1.12 0.839 0.97 0.747 0.88 0.655 0.77 0.837 1.00 0.745 0.90 0.652 0.79 
Lysine Dig., % 0.600 0.67 0.600 0.67 0.600 0.71 0.600 0.65 0.600 0.70 0.600 0.70 0.600 0.64 0.600 0.67 
Met + Cys Dig., % 0.400 0.44 0.367 0.42 0.360 0.40 0.360 0.38 0.360 0.37 0.360 0.41 0.360 0.41 0.360 0.39 
Phe + Tyr Dig., % 0.949 1.05 0.833 0.96 0.717 0.80 0.601 0.71 0.570 0.65 0.716 0.84 0.600 0.73 0.570 0.71 
Threonine Dig., % 0.394 0.47 0.390 0.46 0.390 0.42 0.390 0.43 0.390 0.43 0.390 0.45 0.390 0.43 0.390 0.41 
Tryptophan Dig., % 0.141 0.16 0.121 0.15 0.108 0.13 0.108 0.13 0.108 0.13 0.108 0.13 0.108 0.13 0.108 0.12 
Valine Dig., % 0.538 0.61 0.478 0.58 0.419 0.49 0.408 0.45 0.408 0.46 0.418 0.52 0.408 0.47 0.408 0.46 
TSAA = Total Sulfured Amino Acids 
Calc = calculated, Anal = Analized 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; 
niacin,16.740 mg; and vitamin B12, 15.0 mg. 
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Table 23. Least-squares means for the effect of dietary crude protein levels and non essential amino acids supplementation on 
pig growth performance. 
  Dietary treatment      
 1 2 3 4 5 6 7 8      
Crude protein, % 13 12 11 9 8 13 13 13      
Soybean meal levels, % 18 14 10 7 3 10 7 3 SEM P-value Linear Quadratic Cubic 
Body weight, kg              
   Start 88.9 89.0 89.1 89.7 89.6 89.4 89.6 89.6 1.04 0.999    
   Day 14 105.7 105.3 105.4 105.3 103.1 104.6 104.5 104.3 0.98 0.704    
   Day 28f 121.1ab 121.2ab 121.3a 120.8a 117.7b 119.4ab 119.2ab 119.3ab 1.19 0.003 0.091 0.109 0.420 
Average daily feed intake, kg/day 3.282 3.346 3.348 3.406 3.239 3.195 3.187 3.183 0.0797 0.357    
Average daily gain, kg/dayg 1.147a 1.143ab 1.156a 1.118abc 0.999d 1.072abcd 1.053bc 1.035cd 0.0352 0.005 0.003 0.026 0.350 
Gain:feed ratio, kg:kgh 0.352a 0.342ab 0.350a 0.331ab 0.308c 0.340ab 0.334ab 0.326bc 0.0080 0.005 0.002 0.088 0.370 
Ultrasound measurements. 10th rib, cm            
Backfat depth 1.557 1.609 1.684 1.553 1.613 1.699 1.620 1.507 0.0604 0.376    
Longissimus muscle depthi 4.790c 5.174a 5.143a 4.948abc 4.753c 4.952abc 5.043ab 4.832bc 0.1026 0.003 0.2747 0.001 0.134 
Predicted live fat free lean, kg j* 48.24abc 48.10abc 48.72a 48.64ab 46.55d 47.46abcd 47.43cd 47.52bcd 0.435 0.001 0.071 0.004 0.018 
Average daily FFL gain, kg/day k 0.387a 0.383a 0.382a 0.366a 0.318b 0.361a 0.366a 0.353ab 0.0138 0.012 0.004 0.044 0.042 
*Cysneros et al., 1996 
a,b,c,dMeans within a row or interaction subclass with different superscripts differ (P < 0.07). 
fQuadratic, broken-line = 9.56 crude protein. 
gQuadratic, broken-line = 9.76 crude protein. 
hQuadratic, broken-line = 10.32 crude protein. 
iQuadratic, broken-line = 9.87 crude protein. 
jQuadratic, broken-line = 9.55 crude protein. 
kQuadratic, broken-line = 9.90 crude protein. 
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CHAPTER IV:  Effect of dietary excesses of branched chain amino acids and HP-DDG on 
the growth performance and meat quality of pigs 
Abstract 
Two independent experiments (growing and finishing pigs) were carried out to recreate the 
negative effects on growth performance of pigs fed diets with 30% HP-DDG inclusion level and 
test if the negative effect can be reproduced by adding excess BCAA’s (leucine, isoleucine, and 
valine) to a standard corn-soybean meal based diets. The studies were conducted as a 
randomized complete block design with six dietary treatments: 1) Positive Control (corn-soybean 
meal based diet); 2) Positive Control + synthetic leucine, isoleucine and valine; 3) Positive 
Control + synthetic leucine and isoleucine; 4) Positive Control + synthetic leucine; 5) 30% HP-
DDG inclusion level diet (negative control); and 6) 30% HP-DDG inclusion level + synthetic 
valine. Diets were formulated to meet or exceed NRC (1998) recommendations. Both studies 
used 72 pigs housed individually (12 replications per Treatment), Experiment 1 (growing pigs) 
started at 42.36 ± 2.84 kg BW; Experiment 2 (finishing pigs) started at 101.7 ± 2.86 kg BW. In 
Experiment 2, a subsample of 6 pigs per treatment was selected for carcass and meat quality 
evaluation. In Experiment 1, there was no effect (P > 0.05) of dietary treatments on final body 
weight, ADFI, and gain:feed. Average daily gain was 7.9% lower (P < 0.03) for Treatment 5. 
The addition of BCAA’s to dietary Treatments 2, 3 and 4 at the same digestible amino acid 
levels as Treatment 5 (2.00% leucine, 0.64% isoleucine, and 0.77% valine) resulted in a 8.7% 
reduction (P < 0.05) in average daily gain compared with Treatment 1 (positive control, corn 
soybean meal based diet).  There was no effect (P > 0.05) of valine aviation to dietary treatment 
5.  In Experiment 2, there was no effect (P > 0.05) of dietary treatment on final body weight, 
ADFI, and gain:feed ratio.  ADG was 12.6% greater (P > 0.03) for Treatment 4 than all other 
Treatments which was unexpected. Carcass yield and muscle moisture and fat content were not 
affected by dietary treatment (P > 0.18). The results of the present experiments suggest that the 
negative effect on the growth rate of growing pigs fed 30% HP-DDG inclusion levels can be 
recreated the by the addition of BCAA to corn-soybean based diets.  They also suggested that the 
reduction in the growth rates of growing pigs fed diets with 30% HP-DDG inclusion levels may 
be due to the dietary excesses of leucine present in diets with HP-DDG at 30% inclusion levels. 
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Further research is required to determine the effect of the BCAA of diets with 30% HP-DDG 
inclusion levels on the growth response of late finishing pigs. 
Key words: branched chain amino acids, pigs, high protein dried distillers grain 
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Introduction 
Interest in the effects of  excess levels of branched-chain amino acids (BCAA) has been 
stimulated by the increased availability of corn by-products such as corn distillers dried grains 
with solubles (DDGS), high protein corn distillers dried grain (HP-DDG), and corn gluten meal, 
all of which contain relatively high quantities of BCAA.  These by-products have recently 
become available in increasing quantities largely because of the increased use of corn for ethanol 
production  This phenomenon has produced an increased interest in including these by-products 
in swine diets at maximum inclusion levels to reduce diet cost.  However, practical inclusion 
rates are restricted to relatively low levels because of potential problems with reduced growth 
rates (Whitney et al., 2004 and 2006ab; Widmer et al., 2008; Cromwell et al., 2009; Puls et al., 
2009).  For example, in a previous experiment we demonstrated that pigs fed diets with 30% HP-
DDG had significantly reduced growth rates (13.1% lower) compared to pigs fed diets without 
HP-DDG.  Similar results were reported by Puls et al. (2009), who showed that pigs fed diets 
with 30% HP-DDG had reduced average daily gain (13.7% lower) compared to pigs fed diets 
with 20% or less of HP-DDG. 
The mechanism(s) involved in causing the reductions in average daily gain of pigs fed 
diet with 30% HP-DDG inclusion levels are unclear; however, it is possible that the negative 
effect on pigs fed the highest level of HP-DDG was the result of excesses and (or) imbalances of 
branched chain amino acids (leucine, isoleucine, and valine), which were at levels substantially 
in excess of the pigs requirements in diets with relatively high inclusion rates of HP-DDG.  
Dietary leucine levels in HP-DDG are 1.5 times higher than those in soybean meal, and 7.0 times 
higher than those in corn and, therefore, in a corn-based diet with 30% HP-DDG inclusion levels 
digestible leucine levels can exceed the NRC (1998) requirements for growing and finishing pigs 
by 3.7 and 5.0 times, respectively. 
There is evidence that feeding high levels of the amino acid valine can alleviate some of 
the negative consequences of high dietary leucine and isoleucine levels (Rogers et al., 1967; 
D’Mello, 1970).  Therefore, the objectives of this experiment were, firstly, to attempt to recreate 
the negative effects on growth performance of feeding diets with 30% HP-DDG inclusion and, 
secondly, to test if the negative effect of feeding high HP-DDG levels on growth performance 
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can be reproduced by adding excess BCAA (leucine, isoleucine, and valine) to a standard corn 
and soybean meal based diets.  In addition, the potential to reduce the negative effects on growth 
of feeding diets with 30% HP-DDG by feeding high levels of synthetic valine was investigated. 
Materials and Methods 
Two independent but complementary experiments were conducted at the University of 
Illinois.  The protocols for these studies were approved by the Institutional Animal Care and Use 
Committee (Protocol Number, 100041). 
Experimental Design and Treatments 
Experiment 1: Growing pigs: This experiment was conducted as a randomized complete 
block design with six dietary treatments: 
1. Control (corn-soybean meal based diet). 
2. Control + synthetic leucine, isoleucine and valine. 
3. Control + synthetic leucine and isoleucine. 
4. Control + synthetic leucine. 
5. 30% HP-DDG inclusion level diet. 
6. 30% HP-DDG inclusion level + synthetic valine. 
Experiment 2: Finishing pigs: This experiment was conducted as a randomized complete 
block designs with 6 dietary treatments.  Dietary treatments were similar to the Experiment 1 
with the exception that diets were formulated to meet the NRC (1998) requirements for finishing 
pigs. 
Animals 
Both studies used 72 commercial crossbred barrows (progeny of PIC 359 sires mated to 
PIC C22 or C29 dams).  Pigs were brought into the facility from an outside source at a live 
weight of ~ 6.0 kg and were grown to the start weight for Experiment 1.  During this period, pigs 
were fed standard diets that were formulated to meet or exceed NRC (1998) requirements.  
Experiment 1 (growing pigs) started at 42.4 ± 2.84 kg live weight.  After the completion of 
Experiment 1, all pigs were allowed to a 28 d recovery period until they reach the start weight 
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for Experiment 2.  During the recovery period, pigs receive a standard diet formulated to meet or 
exceed NRC (1998) requirements.  Experiment 2 was started after the recovery period with an 
average live weight of 101.7 ± 2.86 kg.  Both studies were carried out over a 28 d period. 
Allotment Procedures 
At the beginning of experiment 1, pigs were individually weighed, formed into outcome 
groups of 6 on the basis of litter of origin and body weight, and randomly allotted to 6 dietary 
treatments from within the outcome group.  This process was repeated until there were 6 blocks 
over time with 12 animals by block for a total of 12 replications per treatment for the entire study. 
In Experiment 2, pigs were allotted after the 28 d recovery period.  The allotment 
procedure was similar to Experiment 1, with the exception that none of the pigs were allowed to 
repeat previous treatment.  At the end of the randomization process they were 6 blocks with 12 
animals by block, and 12 replications per treatment. 
Housing 
Pigs were penned individually in an environmentally controlled finishing building located 
at the University of Illinois.  The building had fully-slotted plastic floors, and a shallow manure 
pit; pen divisions were made of vertical steel bars.  Air temperature in the building was set at 
18
o
C and was maintained throughout the study period using thermostatically controlled heaters 
and fan ventilation.  Each pen was equipped with a standard single-space feeder and a cup-type 
water drinker.  Feed and water were available ad libitum throughout the study period.  Pen 
dimension were 1 m wide and 2 m long and provided a floor space of 2 m
2
/pig. 
Diet Preparation and Feeding 
Major ingredients (corn, HP-DDG and soybean meal) were chemically analyzed for 
protein and amino acid content and the analyzed values were used to formulate the diets.  The 
same batch of corn, HP-DDG, and soybean meal was used for all the diets to ensure consistency 
throughout the experiments.  All diets were formulated to the same energy content (3.37 
Mcal/kg) and to meet the lysine requirement of the pigs being used in each experiment (1.04% 
digestible lysine in Experiment 1, and 0.64% digestible lysine in Experiment 2).  To avoid 
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deficiencies of dietary essential amino acids, digestible levels of all the essential amino acids 
were at the ideal protein ratio for growing (Experiment 1) and finishing (Experiment 2) pigs 
proposed by Baker (1993).  Treatment 1 (positive control), was a standard corn-soybean meal 
based diet.  Treatment 5 included 30% HP-DDG and acted as the negative control and was used 
in an attempt to reproduce the negative effect of this diet found in the previous study (Chapter II).  
Treatments 2 was the positive control diet plus synthetic leucine, isoleucine and valine at the 
levels found in treatment 5.  Treatment 3 was the positive control diet plus leucine and isoleucine 
at the levels found in Treatment 5.  Treatment 4 was the positive control diet plus leucine at the 
levels found in Treatment 5.  Treatment 6 was as negative control diet (30% HP-DDG inclusion 
levels diet) with additional valine at the same valine:leucine ratio (0.56) as Treatment 1.  
Treatment 2 through 5 were designed to demonstrate if the reduced performance observed for 
Treatment 5 is due to the high levels of the branched chain amino acids.  Treatment 6 was 
designed to balance the valine:leucine levels at the levels found in Treatment 1, in an attempt to 
overcome the negative effects of growth performance resulting from Treatment 5.  Other 
nutrients were provided to meet or exceed NRC (1998) recommendations for growing and 
finishing pigs.  Diet formulations and calculated and analyzed composition for Experiments 1 
and 2 are presented in Table 24 and 25, respectively. 
Measurements 
In both studies, individual body weights and longitudinal ultrasound measurements were 
taken at the beginning of the experiment and every 2 weeks during the study period.  Fat-free 
lean weight was estimated using the equation of Brannaman et al. (1984) for growing pigs 
(Experiment 1), and Cysneros et al. (1996) for finishing pigs (Experiment 2).  All feed additions 
and the feed remaining in the feeder were recorded at the time of pig weighing and were used to 
calculate average daily feed intake, and gain:feed ratio.  At the end of Experiment 2, a subsample 
of 36 pigs (6 pigs per treatment), were harvested at the University of Illinois Meat Sciences 
Laboratory for subsequent carcass and meat quality evaluation. 
Harvest and Carcass Measurements 
The subsample of 36 pigs from experiment two was taken off feed the night prior to 
harvest (~19:00 h), pigs were harvested the following day after the completion of the feeding 
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trial at live body weight of 126.3 ± 4.67 kg.  Pigs were transported to the University of Illinois 
Meat Science Laboratory on the morning of slaughter where they were held in lariage for 
approximately 3 h prior to harvest without feed but with access to water.  Harvest and carcass 
dressing were carried out using standard commercial procedures. 
At 24h postmortem, carcass measurements were collected from the left side of each 
carcass as follow: carcass length (cm, measured from the cranial tip of the aitch bone to the 
cranial edge of the first rib adjacent to the thoracic vertebrae), mid-line subcutaneous fat 
measurements (cm, opposite to the first rib, last rib and last lumbar vertebra and over the loin eye 
at the 10
th
 rib, above ¾ distance of the loin eye), and longissimus muscle area at the 10
th
 rib 
(cm
2
). 
Meat Quality Measurements 
Ultimate pH measurement was taken 24 h post mortem from the cut surface of the 
longissimus muscle at the 10
th
 rib using a SKF Star Probe (SKF Technologies, Cedar Rapids, IA).  
Subjective scores for color, firmness and marbling were taken on the cut surface of the 
longissimus muscle at the 10
th
 rib using five-point scales (1 = pale, soft, and devoid of marbling; 
5 = dark, firm and moderately abundant or greater marbling) as described by NPPC (1991).  
Objective color scores (L*, a*, and b*) were obtained from the freshly cut surface of the 
longissimus muscle at the 10
th
 rib using a Hunter LabScan Spectrocolorimeter (Model XE, 
Hunter Associates Laboratory Inc., Reston, VA) set at the D65 angle of reflection value.  All 
subjective and objective carcass measurements were collected by the same trained evaluator.  
Two 2.5 cm thick chops were obtained from the longissimus muscle posterior to the 10
th
 rib and 
trimmed of epimysium and external fat.  One chop was used for drip loss determination (Honikel, 
1998), and the second chop was placed in a Whirl-pack bag and frozen (-20
o
C) for subsequent 
chemical analysis.  A sample (10 x 10 x 2.5 cm) was obtained from the surface of the 
semimembranosus muscle and placed in a Whirl-pack bag and frozen (-20
o
C) for subsequent 
chemical analysis. 
Chemical Analysis 
Diets were analyzed for crude protein and amino acid content (ESCL, University of 
Missouri; Columbia, MO).  Fat and water contents were determined for the longissimus muscle 
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chop and in the semimembranosus muscles using the procedures described by Novakofski et al. 
(1989).  Samples were weighed before and after oven drying (110
o
C for 48h), to determine water 
content. Fat extraction was carried out using a warm mixture of chloroform and methanol (4:1).  
Statistical Analyses 
Growth performance, carcass and meat quality data were analyzed using the PROC 
MIXED procedure of SAS (SAS Inst. Inc., Cary, NC).  The model used included the effects of 
block and treatment.  The fixed effect of the model was dietary treatment, while the random 
effect was the block.  The residual mean square error was used as the error term to test main 
effects.  For variables that differed among treatments (P < 0.05), means were evaluated using the 
PDIFF option of SAS. 
Results and Discussion 
Experiment 1:  Growing Pigs 
Least-squares means for the effect of dietary treatment on growth performance of 
growing pigs are presented in Table 26.  There were no differences (P > 0.05) in body weight at 
the start and end of the test period or for overall average daily feed intake and gain:feed ratio.  
Average daily gain was 7.9% lower (P < 0.03) for Treatment 5 (negative control diet with 30% 
HP-DDG inclusion level) than Treatment 1 (Control).  This result is similar to that in other 
studies that have fed diets with 30% HP-DDG inclusion levels.  For example, in the experiment 
reported in Chapter II, pigs were fed 30% HP-DDG inclusion level and showed a 13.1% 
reduction in average daily gain compared with the control corn-soybean meal based diet.  
Similarly, Puls et al. (2009) reported a 13.7% reduction in average daily gain for pigs fed diets 
with 30% HP-DDG inclusion compared to pigs fed diets with 20% or lower inclusion levels of 
HP-DDG.  In the current experiment, the magnitude of the reduction in average daily gain was 
less (by 5% percentage units) than that found in the other experiments discussed above.  The 
study reported in Chapter II and that of Puls et al. (2009) were carried out over longer periods of 
time (from weaning to market), which may be the reason for the difference between studies in 
the extent of the reduction in growth rate.  The objective of Treatment 5 was to replicate the 
negative effect on growth rate of feeding diets with 30% HP-DDG, and the reduced growth rate 
for this treatment relative to the control suggests that this objective was achieved. 
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The addition of leucine (Treatment 4), leucine and isoleucine (Treatment 3) and leucine, 
isoleucine, and valine (Treatment 2) to the control diet reduced (P < 0.05) growth rates by 9.0, 
6.8, and 10.4% relative to the control (Treatment 1) with no effect (P > 0.05) on average daily 
feed intake, and gain:feed ratio.  In addition, the growth rates for Treatments 2, 3, and 4 were not 
different (P > 0.05) to that of Treatment 5, the diet with 30% HPDDG inclusion.  These results 
suggest that feeding high levels of BCAA (in excess of requirements) can reduce growth rates 
with the extent of the reduction being similar to that from feeding the diet with 30% HP-DDG.  
Also, the reduction in growth rate relative to the control for the diet with added leucine 
(Treatment 4) was similar (P > 0.05) to that observed for the diets with added isoleucine and 
valine (Treatment  2 and 3), suggesting that a major reason for the growth depression was due to 
excess leucine and not due to excesses of the other BCAA.  A reduction in the average daily gain 
of growing and finishing pigs fed high leucine diets from synthetic or natural sources has been 
reported in a number of studies.  Using synthetic leucine, Taylor et al. (1984), Hyun et al. (2003), 
and Fu (2005) reported reductions of between 3 and 18% in the average daily gain of pigs fed 
high-leucine diets (between 1.34% to 3.35% total leucine levels).  Castaneda et al. (2005a) used 
a natural leucine sources (corn gluten meal) to produce a diet containing 1.84% of digestible 
leucine and reported a reduction in average daily gain of 14% compared with a corn-soybean 
meal based diet. 
Interestingly, Fu (2005) found that including spray dried blood cells, which have high 
levels of BCAA, at 3.85% of the diet reduced growth rates compared to a corn-soybean meal 
control diet.  In addition, this author also showed that adding leucine, but neither isoleucine or 
valine, to the basal soybean meal diet reduced growth rates relative to the control diet suggesting 
that the excess leucine in the diet based on spray dried blood cells was responsible for the 
reduction of growth rate. 
The addition of valine to the HP-DDG diet (Treatment 6, 30% HP-DDG + 0.3% synthetic 
valine) did not have any effect (P > 0.05) on the growth performance of pigs compared with 
dietary Treatment 5 (30% HP-DDG).  These results are in contrast to that in other studies that 
have fed diets with high leucine levels (from 1.54 to 5% dietary leucine levels) and 
supplemented with valine.  For example, Fu (2005) fed pigs a diet with 1.54% digestible leucine 
levels and reported that the addition of 0.4% of synthetic valine was able to partially overcome 
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the negative impact of the dietary leucine excesses on average daily gain.  Similarly, Rogers et al. 
(1967) fed rats with a semi-purified diet that contained 9% casein and had 5% leucine, and 
reported that the addition of 0.3% of synthetic valine to the diet was able to overcome, in part, 
the reduction in growth rate due to excess leucine.  In the current experiment, the negative effect 
on average daily gain of pigs fed dietary excesses of leucine was not alleviated with the addition 
of valine.  However, it is possible that the dietary valine level used in the present study was 
insufficient to overcome the negative effect of leucine on the average daily gain of pigs.  In 
addition, it is also possible that time on feed may play an important and additional role in the 
response as was demonstrated by Cysneros et al. (1996) and Castaneda et al. (2005) in pigs fed 
high leucine diets; in those experiments, a reduction in the growth rate of pigs fed the high 
leucine diets was observed only after 35 and 42 days of feeding the diets, respectively. 
There are a number of other possible explanations for the reduced growth rate of pigs fed 
the 30% HP-DDG diets (Treatments 5 and 6) including a reduction in nutrient availability 
because of higher crude protein and neutral detergent fiber contents (Campbell et al., 1984; 
Noblet et al., 1987; Goerl et al., 1995; Chen et al., 1999; Su et al., 2004).  In the present 
experiment, crude protein and neutral detergent fiber levels for Treatment 1 and 5 were 18 and 
21% and 8 and 14%, respectively.  Excess protein requires energy to break down and for 
excretion of the excess amino acids, which may reduce average daily feed intake and average 
daily gain in pigs (Campbell et al., 1984; Noblet et al., 1987; Goerl et al., 1995; Chen et al., 
1999; Su et al., 2004).  Increasing dietary neutral detergent fiber can reduce the digestibility of 
starch, crude protein, amino acids, dry matter, and other nutrients (Schulze et al., 1994; Lenis et 
al., 1999; Urriola and Stein, 2010). 
There were no treatment differences (P > 0.05) in 10
th
 rib backfat depth, longissimus 
muscle depth, and calculated fat-free lean (Table 26).  However, pigs fed Treatment 5 (30% HP-
DDG) had 8.3% lower (P < 0.04) average daily fat-free lean gain (0.440 g/d) compared with 
Treatment 1 (Control, 0.480 g/d).  Although a number of studies have reported on the effects of 
30% HP-DDG dietary inclusion levels on pig growth performance and carcass characteristics, no 
research to date has reported the effects of feeding 30% HP-DDGS on the average daily fat-free 
lean gain of pigs.  A possible explanation for the reduced average daily fat- free lean gain of pigs 
receiving 30% HP-DDG may be the increased crude protein level (from 18% to 21% % in 
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Treatments 1 and 5 respectively), due that excessive levels of crude protein require extra energy 
to break down and excrete the excess of amino acids (Campbell et al., 1984; Noblet et al., 1987; 
Su et al., 2004), therefore, a reduction in the average daily fat-free lean may be expected. 
Experiment 2:  Finishing Pigs 
Least-squares means for the effect of dietary treatment on the growth performance of 
finishing pigs are presented in Table 27.  There were no treatment differences (P > 0.05) in body 
weight at the start and end of the test period or for overall average daily feed intake, and 
gain:feed ratio.  Average daily gain was greater (P < 0.05) for Treatment 4 (Control + leucine) 
than for Treatment 3 (Control + leucine and isoleucine) and Treatment 5 (30% HP-DDG), with 
the other 3 treatments being intermediate and not different from the other treatments.  This 
increased average daily gain observed with Treatment 4 was unexpected and is difficult to 
explain.  There were no differences in growth performance (P > 0.05) between either Treatment 
1 and 5 (Control and 30% HP-DDG diets, respectively) or between Treatment 5 (30% HP-DDG) 
and Treatment 6 (30% HP-DDG + valine). 
There were no treatment effects (P > 0.05) on 10
th
 rib backfat depth, longissimus muscle 
depth, and calculated carcass fat-free lean content (Table 27).  However, average daily fat-free 
lean gain was greater (P < 0.05) for Treatments 4 (Control + leucine) and 6 (30% HP-DDG + 
valine) than for Treatments 3 (Control + leucine and isoleucine) and 5 (30% HP-DDG), with the 
other 2 treatments (Treatments 1 [Control] and 2 [Control + leucine + isoleucine + valine) being 
intermediate and not different than the other treatments.  The increased average daily fat-free 
lean gain observed with Treatments 4 and 6 was unexpected.  Average daily fat free lean gain 
was similar (P > 0.05) for Treatment 5 (30% HP-DDG) and Treatment 1 (Control).  However, 
pigs fed Treatment 5 (30% HP-DDG) had 16.4% lower (P < 0.04; 0.270 vs 0.323 g/day, 
respectively) average daily fat-free lean gain when is compared with Treatment 6 (30% HP-DDG 
+ valine).  No research to date has reported the effects of feeding 30% HP-DDG on the predicted 
average daily fat-free lean gain of finishing pigs. 
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Carcass and Meat Quality Characteristics 
Least square means for the effect of dietary treatment on the carcass and meat quality 
characteristics of the subsample of finishing pigs (6 pigs per treatment) are presented in Table 28.  
Dietary treatments had no effect (P > 0.05) on carcass characteristics.  Similarly, dietary 
treatments had no effect (P > 0.05) on the meat quality characteristics with the exception of 24 h 
ultimate pH and subjective firmness score.  Longissimus muscle 24 h ultimate pH was greater (P 
< 0.05) for dietary Treatments 2 through 6, compared with dietary Treatment 1 (Control).  
Subjective muscle firmness score was greater (P < 0.05) for Treatments 3 (Control + leucine + 
isoleucine), 4 (Control + Leucine), 5 (30% HP-DDG) and 6 (30% HP-DDG + valine) than for 
Treatment 1 (Control), with Treatment 2 (Control + leucine + isoleucine + valine) being 
intermediate and not different (P > 0.05) to Treatments 1, 3, 5, and 6.  Longissimus muscle 
firmness score was 41% higher (P < 0.05) for Treatment 5 (30% HP-DDG) than Treatment 1 
(Control), and Treatment 5 (30% HP-DDG) was similar (P > 0.05) to Treatment 6 (30% HP-
DDG + valine). 
Longissimus muscle moisture and fat content were unaffected by dietary treatment (P > 
0.18).  These results are similar to other studies that have fed diets with 30% HP-DDG inclusion 
levels from weaning to finish, which have reported no changes in longissimus fat content and(or) 
marbling scores of pigs (Widmer et al., 2008; Puls et al., 2009; Chapter II).  In contrast, other 
studies that have investigated the impact of feeding high dietary leucine levels (from 1.3 to 
3.35%) on the longissimus muscle fat content of pigs have reported fat increases up to 4% units 
in pigs fed the high leucine diets for longer periods of time (35 to 63 days) than the current 
experiment (Cysneros et al., 1996; Hyun et al., 2003; Castaneda et al., 2005; Hyun et al., 2007). 
In conclusion, the results of the present experiments suggest that, in growing pigs (from 
42.4 to 70.9 kg body weight), the negative effect on the growth rates of pigs fed 30% HP-DDG 
inclusion levels can be recreated by the addition of branched chain amino acids to corn-soybean 
based diets.  It also suggests that the major reason for the growth depression in growing pigs was 
due to excess leucine and not the other BCAA. 
In finishing pigs (from 101.7 to 126.3 kg body weight) there was no effect on the growth 
rates of pigs fed 30% HP-DDG inclusion levels and on pigs fed the corn-soybean meal diets 
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supplemented with BCAA to the same digestible amino acid levels of the diet with 30% HP-
DDG levels.  More research is required to determine the effects of feeding high levels of HP-
DDG and BCAA in late finishing pigs. 
Further research is required to determine the effect of dietary additions of valine to high 
leucine diets from synthetic or natural sources (HP-DDG) on the growth performance of growing 
and finishing pigs. 
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Tables 
Table 24.  Experiment 1, diet formulation and calculated and analyzed composition of the experimental diets (as-fed-basis). 
 
Dietary treatment 
 
1 2 3 4 5 6 
Ingredients, kg/ton Control Control + Leu + Ile + Val Control + Leu + Ile Control + Leu HP-DDG HP-DDG + Val 
Corn yellow 682.92 679.39 679.71 679.77 561.71 558.67 
HP-DDG -- -- -- -- 300.000 300.000 
Soybean meal 278.35 279.00 279.00 279.00 110.00 110.00 
Beef tallow 14.12 9.47 9.78 9.87 -- -- 
Phosphate monocalcium 9.06 9.06 9.06 9.06 5.96 5.96 
Limestone 6.44 6.43 6.43 6.43 10.06 10.06 
Salt 4.00 4.00 4.00 4.00 4.00 4.00 
Minerals TM PMXa 1.00 1.00 1.00 1.00 1.00 1.00 
Vitamins TM PMXb 0.30 0.30 0.30 0.30 0.30 0.30 
L-Lysine 2.356 2.342 2.341 2.341 5.915 5.922 
L-Threonine 0.740 0.737 0.736 0.736 0.701 0.707 
DL-Methionine 0.725 0.729 0.728 0.727 0.036 0.040 
L-Tryptophan -- -- -- -- 0.313 0.314 
L-Leucine -- 6.773 6.771 6.771 -- -- 
L-Isoleucine -- 0.151 0.150 -- -- -- 
L-Valine -- 0.621 -- -- -- 3.018 
Calculated analysis Calculated Analyzed
w
 Calculated Analyzed
w
 Calculated Analyzed
w
 Calculated Analyzed
w
 Calculated Analyzed
w
 Calculated Analyzed
w
 
Met. Energy, Mcal/kg 3.37  3.37  3.37  3.37  3.37  3.38  
Crude Protein, % 17.99 17.67 18.51 19.86 18.47 17.97 18.46 18.49 20.72 20.91 20.92 20.96 
Crude Fat, % 3.58  3.11  3.14  3.15  3.18  3.17  
NDF, % 8.12  8.10  8.10  8.10  13.74  13.71  
ADF, % 2.81  2.80  2.81  2.81  4.97  4.97  
Calcium, % 0.58  0.58  0.58  0.58  0.58  0.58  
Phosphorus, % 0.57  0.57  0.57  0.57  0.50  0.50  
Phosphorus Available, % 0.25  0.25  0.25  0.25  0.25  0.25  
Arginine Dig., % 1.10 1.14 1.11 1.21 1.11 1.13 1.11 1.20 0.91 0.99 0.91 0.96 
Histidine Dig., % 0.43 0.46 0.43 0.48 0.43 0.46 0.43 0.48 0.43 0.54 0.43 0.53 
Isoleucine Dig., % 0.63 0.74 0.64 0.79 0.64 0.74 0.63 0.76 0.64 0.84 0.64 0.82 
Leucine Dig., % 1.33 1.48 2.00 2.18 2.00 2.14 2.00 2.19 2.00 2.36 2.00 2.33 
Lysine Dig., % 1.04 1.16 1.04 1.23 1.04 1.14 1.04 1.22 1.04 1.19 1.04 1.22 
TSAA Dig., % 0.59 0.59 0.59 0.62 0.59 0.62 0.59 0.63 0.61 0.71 0.61 0.71 
Phe + Tyr Dig., % 1.24 1.34 1.24 1.42 1.24 1.33 1.24 1.41 1.46 1.69 1.46 1.68 
Threonine Dig., % 0.65 0.67 0.65 0.73 0.65 0.68 0.65 0.72 0.65 0.78 0.65 0.78 
Tryptophan Dig., % 0.19 0.20 0.19 0.21 0.19 1.21 0.19 0.16 0.19 0.15 0.19 0.19 
Valine Dig., % 0.71 0.86 0.77 0.94 0.71 0.85 0.71 0.88 0.77 1.02 1.06 1.29 
TSAA = Total Sulfured Amino Acids 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; 
niacin,16.740 mg; and vitamin B12, 15.0 mg. 
wValues are total amino acid content. 
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Table 25.  Experiment 2, diet formulation and calculated and analyzed composition of the experimental diets (as-fed-basis). 
 
Dietary treatment 
 
1 2 3 4 5 6 
Ingredients, kg/ton Control Control + Leu + Ile + Val Control + Leu + Ile Control + Leu HP-DDG HP-DDG + Val 
Corn yellow  848.64 844.33 845.10 845.56 676.34 673.69 
HP-DDG -- -- -- -- 300.000 300.000 
Soybean meal 115.00 115.00 115.00 115.00 -- -- 
Beef tallow 13.71 7.07 7.81 8.57 -- -- 
Phosphate monocalcium 7.86 7.87 7.87 7.86 4.49 4.50 
Limestone 6.52 6.52 6.52 6.52 9.58 9.58 
Salt 4.00 4.00 4.00 4.00 4.00 4.00 
Minerals PMXa 0.90 0.90 0.90 0.90 0.90 0.90 
Vitamins PMXb 0.30 0.30 0.30 0.30 0.30 0.30 
L-Lysine 2.373 2.382 2.380 2.379 4.249 4.255 
L-Threonine 0.584 0.592 0.591 0.590 0.000 -- 
DL-Methionine 0.048 0.054 0.053 0.052 0.000 -- 
L-Tryptophan 0.072 0.074 0.074 0.074 0.143 0.145 
L-Leucine -- 8.200 8.194 8.191 -- -- 
L-Isoleucine -- 1.214 1.212 -- -- -- 
L-Valine -- 1.497 -- -- -- 2.639 
Calculated analysis Calculated Analyzed
w Calculated Analyzedw Calculated Analyzedw Calculated Analyzedw Calculated Analyzedw Calculated Analyzedw 
Met. Energy, Mcal/kg 3.37  3.37  3.37  3.37  3.37  3.38  
Crude Protein, % 11.59 11.12 12.31 12.11 12.21 12.18 12.13 12.04 16.24 15.24 16.52 15.86 
Crude Fat, % 3.89  3.22  3.29  3.37  3.43  3.42  
NDF, % 8.36  8.33  8.33  8.34  13.93  13.89  
ADF, % 2.31  2.30  2.30  2.30  4.64  4.63  
Calcium, % 0.48  0.48  0.48  0.48  0.48  0.48  
Phosphorus, % 0.50  0.50  0.50  0.50  0.44  0.43  
Phosphorus Available, % 0.21  0.21  0.21  0.21  0.21  0.21  
Arginine Dig., % 0.64 0.70 0.64 0.72 0.64 0.70 0.64 0.72 0.60 0.63 0.60 0.63 
Histidine Dig., % 0.27 0.34 0.27 0.35 0.27 0.34 0.27 0.34 0.33 0.43 0.33 0.43 
Isoleucine Dig., % 0.36 0.48 0.46 0.62 0.46 0.60 0.36 0.49 0.46 0.62 0.46 0.62 
Leucine Dig., % 0.92 1.13 1.72 1.97 1.72 2.00 1.72 2.02 1.72 2.03 1.72 2.04 
Lysine Dig., % 0.64 0.72 0.64 0.74 0.64 0.73 0.64 0.71 0.64 0.77 0.64 0.78 
Met + Cys, % 0.39 0.44 0.39 0.43 0.39 0.44 0.39 0.42 0.52 0.62 0.51 0.62 
Phe + Tyr Dig., % 0.84 0.96 0.84 0.99 0.84 0.96 0.84 0.98 1.19 1.39 1.19 1.42 
Threonine Dig., % 0.41 0.46 0.41 0.47 0.41 0.46 0.41 0.48 0.43 0.58 0.43 0.58 
Tryptophan Dig., % 0.11 0.13 0.11 0.13 0.11 0.13 0.11 0.13 0.11 0.14 0.11 0.14 
Valine Dig., % 0.45 0.59 0.60 0.76 0.45 0.60 0.45 0.60 0.60 0.78 1.00 1.02 
TSAA = Total Sulfured Amino Acids 
*C=Control 
aEach kilogram of mix contained the following: Se,200 mg; I, 200 mg; Cu,1.1%; Mn,2.57%; Fe,11%; Zn, 11%. 
bEach kilogram of mix contained the following: vitamin A, 3,500,000 IU; vitamin D3, 550,600 IU; vitamin E, 17,621 IU; vitamin K, 441 mg;; riboflavin, 3965 mg; d-pantothenic acid, 14,317 mg; 
niacin,16.740 mg; and vitamin B12, 15.0 mg. 
wValues are total amino acid content. 
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Table 26. Experiment 1:  Least square means for the effect of dietary excesses of BCAA and 30% HP-DDG inclusion levels on the 
growth performance of growing pigs. 
 Dietary treatments   
 1 2 3 4 5 6   
Item Control C+Leu+Ile+Val C+Leu+Ile C+Leu 30% HP-DDG 30% HP-DDG+Val SEM P-value 
Number of replications: 10 12 12 12 12 12   
Body weight, kg         
Start 42.65 43.33 43.12 42.23 42.42 41.99 0.734 0.48 
Week 2 57.03 56.29 57.23 55.14 55.47 56.17 0.825 0.25 
Week 4 73.09 70.68 71.57 70.02 70.41 69.83 0.910 0.10 
ADG, kg/day 1.090
a
 0.977
b
 1.016
b
 0.992
b
 1.004
b
 0.994
b
 0.0231 0.04 
ADFI, kg/day 2.371 2.320 2.292 2.277 2.193 2.221 0.0673 0.31 
Gain:Feed ratio, kg/kg 0.460 0.425 0.446 0.441 0.457 0.452 0.0144 0.40 
Real time ultrasound measurements, 10
th
 rib, cm       
Backfat depth 1.17 1.16 1.20 1.20 1.09 1.13 0.0422 0.42 
Longissimus muscle depth 3.90 3.83 3.56 3.71 3.68 3.58 0.1053 0.12 
Calculated fat Free Lean, kg 30.57 29.51 29.91 29.22 29.39 29.13
b
 0.400 0.09 
Average daily fat free lean gain, kg 0.480
a
 0.430
b
 0.447
b
 0.437
b
 0.440
b
 0.437
b
 0.0101 0.03 
a,b, Means within a row with different superscripts differ (P < 0.05) 
C=Control 
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Table 27. Experiment 2:  Least square means for the effect of dietary excesses of BCAA and 30% HP-DDG inclusion levels on the 
growth performance of finishing pigs. 
 Dietary treatments   
 1 2 3 4 5 6   
Item Control C+Leu+Ile+Val C+Leu+Ile C+Leu 30% HP-DDG 30% HP-DDG+Val SEM P-value 
Number of replications: 10 12 12 12 12 12   
Body weight, kg         
Start 101.5 101.8 101.6 101.6 102.8 100.8 0.87 0.58 
Week 2 112.5 113.5 112.1 114.1 113.4 114.0 1.25 0.74 
Week 4 125.7 127.2 124.7 128.1 125.9 126.1 1.40 0.42 
ADG, kg/day 0.866
ab
 0.909
ab
 0.828
b
 0.945
a
 0.826
b
 0.905
ab
 0.0354 0.04 
ADFI, kg/day 3.012 3.148 2.997 3.212 2.997 3.137 0.1003 0.35 
Gain:Feed ratio, kg/kg 0.287 0.290 0.276 0.294 0.277 0.291 0.0090 0.56 
Real time ultrasound measurements, 10
th
 rib, cm       
Backfat depth 1.72 1.80 1.78 1.89 1.90 1.66 0.089 0.26 
Longissimus muscle depth 5.83 5.56 5.63 5.73 5.30 5.43 0.1624 0.25 
Calculated fat Free Lean, kg 50.3 50.3 49.6 50.5 49.3 50.2 0.54 0.45 
Average daily fat free lean gain, kg 0.298
abc
 0.315
ab
 0.281
bc
 0.320
a
 0.270
c
 0.323
a
 0.0146 0.02 
a,b, Means within a row with different superscripts differ (P < 0.05) 
C=Control 
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Table 28.  Experiment 2, least squares means for the effect of dietary treatment on carcass and meat quality characteristics of 
finishing pigs. 
 Dietary treatment   
 1 2 3 4 5 6   
Item Control C+Leu+Ile+Val C+Leu+Ile C+Leu 30% HP-DDG 30% HP-DDG+Val SEM P-value 
Harvest live weight, kg 121.5 123.0 119.6 124.9 120.7 121.4 1.59 0.25 
Hot carcass weight, kg 96.6 97.7 94.7 98.5 95.2 95.3 1.37 0.32 
Carcass yield, % 79.5 79.4 79.22 78.9 78.9 78.5 0.42 0.54 
Carcass length, cm 90.0 88.3 88.6 88.4 87.7 87.6 0.818 0.50 
Ultimate pH 5.49
b
 5.64
a
 5.59
a
 5.60
a
 5.63
a
 5.58
a
 0.029 0.027 
Minolta color         
L* 51.7 50.7 47.0 50.2 51.0 52.2 1.626 0.29 
a* 8.38 7.65 7.14 7.23 7.19 7.30 0.643 0.81 
b* 3.77 3.17 2.43 3.33 3.41 3.08 0.527 0.64 
NPPC Subjective Evaluations         
Color 2.25 2.29 2.29 2.12 2.45 1.95 0.249 0.76 
Firmness 2.00
c
 2.49
bc
 2.99
ab
 3.15
a
 2.82
ab
 2.82
ab
 0.200 0.012 
Marbling 1.00 1.69 1.19 1.19 1.52 1.52 0.199 0.17 
Drip loss, % 3.59 3.84 2.75 2.97 3.12 2.37 0.656 0.63 
Fat depth, cm         
First rib  3.62 3.21 3.50 3.71 3.54 3.33 0.265 0.75 
10th rib  1.97 1.98 1.98 1.98 2.36 1.64 0.174 0.13 
Last rib  1.65 2.17 1.92 2.00 1.92 1.75 0.181 0.44 
Last lumbar 1.34 1.62 1.45 1.53 1.49 1.03 0.154 0.11 
Longissimus muscle area, cm
2
 48.6 49.0 43.8 48.8 44.9 50.7 2.34 0.26 
Semimembranous muscle          
Moisture, % 74.2 74.7 74.5 74.0 74.4 74.3 0.345 0.78 
Fat, % 2.83 3.15 2.63 3.81 2.91 3.07 0.406 0.40 
Longissimus muscle         
Moisture, % 74.4 73.9 74.4 74.1 73.6 74.0 0.27 0.27 
Fat, % 2.03 3.02 2.30 2.62 3.12 2.77 0.316 0.18 
a,b,c
Means within a row with different superscripts differ (P < 0.05) 
C=Control 
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